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SUMMARY

The muscles of mastication of the cat and the rabbit have been

investigated as a comparative study combining histochemical techniques and

gross anatomy in an attempt to analyse the function of those muscles.

% a detailed anatomical study it is seen that movements of the

mandible of the cat are limited by a rigid joint capsule to a simple hinge

action. However in the rabbit, where the capsule is more flexible, a

range of movements are possible. Details of the muscle attachments

and their line of action have also been recorded.

Samples of each of the muscles of mastication were frozen, sectioned,

incubated and stained to demonstrate the presence of the enzymes myosin

ATPase, succinate dehydrogenase (SDH) and phosphorylase. The validity

of both the processing and the histocheaical techniques have been discussed

and it is concluded that the methods used are satisfactory for the purposes

of the present study.

Discussion has been made on previous work notably combined histochemical/

physiological studies and on the fatigueability of muscle fibres in an attempt

to assess the validity of histochemistry as an indicator of function.

The histochemical study also included a fibre diameter investigation

with the use of Ehrlich's Haematoxylin stain to accentuate fibre outlines.

A relationship occurs between fibre calibre and the enzyme profile particularly

in the case of the oxidative enzyme, SDH. Doubt however, is cast on any

direct correlation between fibre diameter and function.

All parts of the cat masseter and temporalis appear from their enzyme

profiles to be well-adapted for fast, Strang yet intermittent activity suitable

for the biting and tearing of flesh. The pterygoids of the cat are richer

in SDH, suggesting fatigue-resistance, and are thought to have greater

functional significance than their small bulk implies.

All the masticatory muscles of the rabbit, with digastric the exception.



appear to be well-adapted for strong intermittent activity while the

significant SDH composition may suggest a certain resistance to fatigue as

associated with more sustained activity. The digastric muscles of both

animals appear from their histochemical profiles to be well-adapted for

fatigue-resistant tonic activity and it is thought that the role of the

digastric is more complex than would be apparent from anatomical

considerations.

The evidence for a distinct prime mover/antagonist relationship

in the rabbit has been discussed using combined raorphological/histocheraical

evidence. It seems likely that the anteroposterior position of the

condyle in the joint is controlled by lateral pterygoid with supraorbital

ligament, temporalis and possibly deep masseter acting as antagonists

by reciprocal innervation.
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INTRODUCTION

1. Introduction to Ifuscle Studies

(a) General Considerations

Muscle is evident throughout the higher animals as a

tissue of immense importance by its ability to convert metabolic energy

into mechanical energy. By the organisation of the contractile proteins

actin and myosin with excitable membranes, their coordination by a nervous

system and association with skeletal, cartilaginous or dense fibrous

structures it is able to effect a wide variety of complex actions. The

condition is necessarily intricate and involves central control combined

with simple reflex arcs in the spinal cord in order that the system is

utilised economically.

Although it may be present as skeletal, smooth or cardiac

muscle, the present study concerns itself only with voluntary skeletal muscle.

The units of skeletal muscle are the muscle fibres which are arranged in

bundles or fasciculi and are held together by connective tissue sheaths.

Such sheaths hold neurovascular bundles supplying the muscle fibres. Muscle

fibres vary much in length and diameter and often extend the full length

of the muscle. Numerous nuclei are associated with each fibre, all lying

peripherally just deep to the cell membrane. The cell cytoplasm houses the

myofibrils which are the contractile units. Between the myofibrils is the

interrayofibrillar space which contains the aqueous saneoplasm, in which

the various subcellular organelles exist. Such organelles are the

mitochondria, generally believed to occupy the intermyofibrillar space

adjacent to the A band and on either side of the E line of the contractile

proteins, and which have great importance regarding the metabolic processes

of the muscle cell. Other notable subcellular organelles include the

sarcoplasmic reticulum and the transverse tubular system (T system) both

closely concerned with the production of contraction following electrical

stimulus of the muscle. The T system is concerned with the direct passage

of depolarisation into the centre of the muscle fibre.
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The precise control of a muscle is essential both for the

economy of the system and in prevention of mechanical trauma to the muscle

itself, the joint or joints across which the muscle acts and the related

anatomical structures. Mammals exhibit several mechanisms to ensure this

and a brief description of those relevant to the present study follows.

Perhaps the simplest example is provided by the prime mover/antagonist

complex.

(b) Prime Mover/Antagonist Relationships

A muscle or muscles which initiate and maintain a movement are

regarded as prime movers. Any muscle or muscles alined so as to oppose

such a movement are potentially antagonists. Considering the action of

flexion/extension at the elbow joint in the free upper limb (and ignoring

for ease of explanation such forces as gravity and inertia and the effects

of related anatomical structures) the biceps brachii muscle is the prime

mover while triceps brachii is the antagonist. Contraction of the former

muscle will cause relaxation in the latter and this is the basis of the

relationship. There may be however "... a variable transient burst of

activity in the antagonists at the initiation of the movement,.." (Gray,1973)

by the prime mover. From the flexed position the triceps muscle can

contract to restore the extended limbs and such action is associated with

relaxation of the biceps muscle. Hence a simple mechanism exists for

control of a joint which is governed by sensory input from the structures

related to the complex enhancing the conscious action.

(c) Muscle Spindles

Further control is provided by the inclusion of muscle spindles

within the muscle belly. A brief description follows.

Muscle spindles occur within the fibres of skeletal muscle and they are

described in the standard tests as consisting of a few specialised intrafusal

muscle fibres surrounded by a connective tissue capsule. Two types of

intrafusal fibre have been determined morphologically (Gray, 1973) «nd they

are also thought to differ in speed of response.
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Sensory innervation takes two routes, either by large la

afferent fibres to the equatorial region of the intrafusal fibres or by

smaller group II afferents which end outwith the equatorial region.

Motor innervation takes place through gamma efferents to the equatorial

region and beta efferents to the extremities of the spindles. The

extrafusal muscle fibres (the name designated to the contiguous skeletal

musculature) take supply from large alpha efferents.

The traditional theory on muscle spindle action is that

they respond to the stretching of the extrafusal muscle fibres by causing

contraction in that muscle and inhibition in the antagonist muscle. As

such the muscle spindle is an essential to safety reflex action guarding

skeletal muscle against overstretching and "... the regulation of postural

tone in antigravity muscles ..." (Roche, 1963).

The knee-.jerk reflex is perhaps the best known example of

muscle spindle action and a short description will be given. A patella

hammer, striking ligamentum patellae below the sesamoid bone, will cause

a small yet high velocity stretch of the quadriceps femoris muscle.

Muscle spindles within and parallel to the fibres of the muscle will be

stretched to a comparable extent. The intrafusal fibres of the stretched

spindle being pre-set to respond to such stretch, whether consciously or

unconsciously, will produce a mechanical distortion of the sensory endings

related to them. Distortion of the sensory endings produces action

potential in the afferent fibres at a frequency proportional to the stretch.

The afferent fibres relay by a monosynaptic transmission to the large alpha

efferents, causing contraction of the extrafusal fibres. Hence the stretch

is reduced by contraction of the quadriceps muscle (and hence the 'knee jerk')

and appropriately the intrafusal fibres return to their normal length.

Contraction of the prime mover is associated with relaxation of the antagonist

by reciprocal innervation.

To summarise, the knee-jerk reflex is an example of

lengthening/excitation whereby unwanted lengthening of the muscle is removed
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by reflex action causing excitation in that muscle.

Prime mover/antagonist complexes and muscle spindles are

mechanisms by which a precise control over muscle action is possible thus

enhancing protection to the muscle itself, the joint or joints across which

the muscle acts and the related anatomical structures. While investigating

muscle function due consideration must be made to such mechanisms so that

a complete picture may be established.
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2. Introduction to Mastication

(a) General Considerations

Mastication is the process by which solid or semi-solid

nutrient, entering the oral cavity, is reduced to a form suitable for

swallowing. The Shorter Oxford English Dictionary defines to masticate

as "••• to grind (food) into a pulp with the teeth!' and it is this grinding

or tearing, enhanced by the mixing of saliva, which produces the food 1301118
to facilitate swallowing. As the preparatory phase for the passage of

nutrient along the alimentary canal, mastication is an essential action.

The recent two decades have shown a blossoming interest in

the field of mastication; from morphological studies of the masticatory

apparatus, through ©lectromyographic&l or purely visual analyses of chewing

patterns and oral reflexes to the clinical correlates involving dentistry

and allied medical fields.

Mastication is a cyclical action which realises a learned

pattern appropriate to the structure of the masticatory apparatus. This

basic pattern is however susceptible to modification and feedback from

the higher centres. In Mammalia the mechanism is extremely complex and

highly coordinated as is necessary for the precise meeting of the occlusal

surfaces; such being essential in the prevention of tooth and joint damage.

Extensive differentiation, as will be described later, is

evident throughout Class Mammalia so that the masticatory apparatus complies

with the specific diet of the animal. Similarly it is clear that by

examination of the dentition, mandible shape and temporomandibular joint

form it is possible to establish much about the life-style of any mammal.

(b) The Bony Skull of Man

In introducing mastication a review of the anatomy and mechanism

in man seems essential. Figures 1 and 2 show the profile and pterygoid

region of the human skull and are intended as aids to the description.

The eyeball is situated in a complete bony socket excepting

only the communicating foramina • The zygomatic arch forms the inferola'ter'aI



FIGURE 1

CRANIAL PROFILE - MAN - 2/3 NATURAL SIZE



Key to Figure 1.

Cranial Profile of Homo Sapiens

A* zygomatic arch

B. temporalfossa

C. temporal line

D. greater wing of sphenoid bone

E. zygomatic bone

F. body of mandible

Q. ramus of mandible

H. coronoid process

J* condylar process

K. mastoid process

It* hyoid bone



FIGURE 2

PTERYGOID REGION - MAN



Key to Figure 2

Pterygoid Region of Homo Sapiens

A. sphenoid bone

B. infratemporal crest

c. lateral pterygoid plate

D. pterygoid hamulus

E. pyramidal process of palatine bone

F. maxilla

G. spine of sphenoid

H. styloid process

J. external acoustic meatus

K. mandibular fossa

U cut end of zygomatic arch



boundary of the orbit and is essential as origin of masticatory musculature.

Posteriorly the arch blends into the squamous temporal bone and here, on

the inferior surface is the cranial component of the temporomandibular joint.

Squamous temporal bone comprises the bulk of the temporal

fossa demarcated clearly by the temporal line on the lateral surface of the

braincase. This fossa also affords attachment of masticatory musculature.

Squamous temporal bone curves anteriorly, inferiorly and medially over the

infratemporal crest to form part of the roof of the infratemporal fossa.

The medial wall of this fossa is formed by the sphenoid bone which has an

inferior projection, the pterygoid process, possessing medial and lateral

pterygoid plates. The lateral pterygoid plate and the sphenoid bone

bounding the infratemporal fossa both give attachment to masticatory

musculature. The medial pterygoid plate has an inferior projection;

the spicule of bone known as the hamulus.

The mandible has a horizontal body with alveolar process

holding the dentition while the ramus ascends with coronoid process anteriorly

and condylar process (comprising a neck and head) posteriorly. The

condylar process has an articular surface, the condyle, superiorly and is the

mandibular component of the temporomandibular joint. The ramus and the

body meet at the angle of the mandible.

(c) The Temporomandibular Joint of Man

The joint comprises three parts? a cranial component, a

mandibular component and an articular disc which separates them. The

joint is enclosed in a fibrous capsule which protects the joint while allowing

movement in certain directions. Figure 3 shows a vertical section passing

through the centre of the articular eminence and the post glenoid tubercle

and is intended as an aid to the description.

The cranial component has an articular eminence anteriorly

which leads posteriorly into a non-articular depression, the neutral zone

or glenoid fossa. In the present study the term mandibular fossa will be

used to represent the total area of the cranial component of the joint within



FIGURE 3

TEMPOROMANDIBULAR JOINT - MAN

A K J G H CD



Key to Figure 3

The Temporomandibular Joint in Vertical Section

A. articular eminence

B. glenoid fossa (neutral sone)

C. posterior articular facet (cranial component)

D. post-glenoid tubercle

E. articular disc

F. superior joint compartment *

G. inferior joint compartment

H. mandibular condyle

J. anterior attachment of joint capsule to mandible

K. lateral pterygoid muscle

Dense black indicates the thickness of articular fibrocartilage on

the intra-capsular surfaces (not to scale).
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the limitation of the capsuler ligament. The glenoid fossa is regarded

as the non-articular depression situated within the cranial component and

thus a part of the mandibular fossa. At the posterolateral boundary of

the cranial component lies the post-glenoid tubercle and this appears to

act as a •backstop' for the mandibular component. Indeed Gray (1973)*

describes the tubercle as a "... small conical eminence ..." which

"... in some mammals descends behind the condyle of the mandible and prevents

its backward displacement • ••".

The mandibular component is the condylar process which is

covered with articular fibrocartilage and may present a posterior facet.

Such a facet should show evidence of the approximation of reciprocal bone;

that bone being the post-glenoid tubercle of the cranial component. The

shape of the condyle varies enormously and this presumably relates to function.

For example in man it is convex in all directions (Gray, 1973) while

Beeht (1953) found that it was cone-shaped in the tiger.

The articular disc separates cranial from mandibular component

and appears to be essential both in stabilising intra-articular pressures

and the control of the mandibular condyle in the joint. Peripheral

attachment of the disc to the joint capsule produces upper and lower joint

compartments. In man the disc is roughly oval in shape and varies in

thickness from front to back, the thickest part being related to the deepest

part of the mandibular fossa when the mandible is in the resting position.

The joint capsule attaches around the neck of the mandible

and extends upwards blending into the articular disc and terminating

with attachment around the periphery of the mandibular fossa and into the

"... squaraotympanic fixure ..." (Gray, 1973) posteriorly.

(d) The Masticatory Musculature of Han

In man the muscles my be conveniently grouped into those

which elevate and those which depress the mandible. Their attachments

and actions are considered.

Jaw .Elevators» Masseter muscle arises from zygomatic arch to pass
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downwards and backwards and insert into the superficial aspect of the

angle and ramus of the mandible. Hasseter acts primarily to elevate

the jaw and occlude the teeth.

Temporalis muscle arises from the extent of the temporal

fossa, passes downwards and forwards and attaches to the mandibular coronoid

process. Here action relates to the position of origin of the fibres;

those arising anteriorly pass predominantly downwards and act to elevate

the mandible while those arising posteriorly pass predominantly forwards

and hence act to retrude the mandible. Fibres arising intermediately

will naturally show angles varying from the vertical to the horizontal

dependent on their position of origin. Temporalis thus acts both to

elevate the mandible and to retrude the head into the mandibular fossa.

Medial pterygoid muscle arises from the lateral pterygoid

plate and the pyramidal process of palatine bone, passes downwards, laterally

and backwards and inserts into the deep surface of the angle of the mandible.

The muscle acts both to elevate and, when assisted by lateral pterygoid

muscle, to protrude the mandible.

Jaw Depressers! Lateral pterygoid muscle arises from the

infratemporal fossa and crest and from the lateral pterygoid plate to pass

backwards and laterally. The fibres insert into the condylar process

of the mandible and also into the capsule and articular disc of the joint.

The muscle acts to draw forwards the head of the mandible as the first

phase of mandibular depression. Protrusion of the mandible occurs with

simultaneous action of both medial and lateral pterygoids. Hie muscle

therefore can act to both depress and protrude the mandible.

Digastric muscle is unusual in that it possesses two muscular

bellies separated by an intermediate tendon. Hie muscle arises from the

mastoid notch of temporal bone, passes forwards and downwards to pulley

on a fibrous loop attached to the hyoid bone. The anterior belly from

the intermediate tendon, passes forwards and upwards to insert into the
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body of the mandible. Of its numerous actions, it can act to depress

the mandible from a fixed hyoid bone. Gray (1973) would find this action

"... secondary to the lateral pterygoids in mandibular depression •

The muscles geniohyoid, mylohyoid and platysma can also act to

depress the mandible, however they are not considered in the present study

as their action is weak as a result of their insecure attachment. They

would act only in forced depression of the mandible.

Mandibular depression occurs naturally by gravity and masseter

is known to show continual fine action, holding the jaw in the resting

position. The 'resting position' is described in the standard texts as

being the normal pastural position of the mandible maintained by a minimum

of neuromuscular activity in the jaw elevators. Garnick & Ramfjord (1962)

found the mean interocclusal distance at the rest position in man to be

between 1.3 ram and 1.7 mm.

(e) Masticatory Muscle Action

As a general summary of masticatory muscle action, the muscles

masseter, temporalis and medial pterygoid provide jaw elevation to approximate

the teeth. Lateral pterygoid and digastric act to depress the mandible;

the pterygoids combined provide the protrusive component by bilateral

contraction and movement of the mandible to the contralateral side by unilateral

contraction. The posterior fibres of temporalis can act to retrude the

mandible in opposition to lateral pterygoid.

In man chewing patterns include nibbling or weak grasping with

the incisors or canines and crushing or grinding with the cheek teeth. The

nibbling or grasping involves bilateral elevator action with a protrusive

component provided by the pterygoids.

Grinding with the cheek teeth involves a side-to-centre cyclic

motion in which the lower jaw moves laterally from the resting position then

centres combined with approximation of the teeth. Hence the grinding

phase of the masticatory stroke is during the displacement of the lower jaw

from a lateral position back to the resting position. Dependent on the



individual, the action may be confined to the right or left side or

may alternate from side to side. Displacement laterally is due

to contraction of the contralateral lateral pterygoid muscle, there

being a rotation of the mandible in a horizontal plane about the

ipsilateral condylar process.

Crushing also takes place at the cheek teeth and generally

involves more concerted effort on a particular food bolus. The

lateral displacement of the stroke is less pronounced than during grinding

and the action may involve a distinct 'conscious' component.



3. Introduction to Muscle Histochemistry

(a) Historical Introduction

It has long been recognised that mammalian skeletal muscle

varies much in colour and in speed of contraction. The colour varies

from almost white to a deep red and hence early classification was

based on this visual parameter.

Early experiments by Kanvier (1873) showed a correlation

between speed of contraction and colour of muscle fibre; notably certain

red muscles exhibiting contraction times less than certain white muscles.

However following workers found this correlation to be confusing. As

one of many, Knoll (1891) noted some red muscles which contracted faster

than white muscle and both he and Gutzner (1881*) concluded that most

mammalian muscle is made up of at least two types of fibre. They

found the red fibres to be thin and darkly coloured with plentiful

mitochondria and fat droplets while few mitochondria or fat droplets

in a thick, clear fibre were characteristics of white muscle fibres.

The fibres of most mammalian skeletal muscles differ from

one another by a variety of both morphological and histochemical parameters

and the past two decades have seen an increased interest in the

classification of muscle fibre types. Such classification has been

based on morphological, physiological and, now to an increasing extent,

histochemical techniques.

(b) Enzyme Localisation

Muscle histochemistry has been mainly concerned with the

determination of three major groups of enzymes within muscle tissue:

(i) the adenosine triphosphatases (ATPases) which relate to the contractile

properties of the muscle fibre, (ii) the oxidative enzymes, notably the

dehydrogenases and (iii) the enzymes of the glycolytic pathway such as

phosphorylase. Throughout the literature on muscle fibre typing these

three groups predominate and hence a brief description of each group follows.
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(i) The Adenosine Triphosphatases. (ATPases)

The reaction to demonstrate the presence of ATPase

in muscle tissue depends upon the liberation of the terminal phosphate

from ATP facilitated by ATPase (Padykula and Herman, 1955)• If the

reaction is carried out at pH 9.A and in the presence of calcium, the

calcium will bind to the phosphate and be precipitated at the site of

the enzyme. This site is demonstrated by exchanging cobalt for the

calcium to form cobalt phosphate then reacting with ammonium sulphide

to produce cobaltous sulphide which is insoluble and black. This is

regarded as the 'routine' reaction which is localised at the myofibrils,

though there is a component of the reaction related to the intermyofibrillar

network (Brooke and Kaiser, 197'+).

If the tissue is previously dried and exposed to calcium

it is possible to alter the reaction so that later in the procedure

the inter-myofibrillar network disintegrates (Dubowitz and Brooke, 1973)•

The reaction therefore is essentially a myosin ATPase reaction.

The 'routine' ATPase reaction, where both preincubation and

incubation take place at pH 9.A, appears therefore to give good indication

of the presence of ATPase at the myofibrils. At such pH two fibre types

are noted? those staining weakly and those staining strongly. An

intermediate pattern is not usually observed (Dubowitz and Brooke, 1973)•

However ATPases in muscle tissue are sensitive to the pH of

the preincubating solutions and here comparison is available. By

preincubating at pH A.3, a reversal of the staining reaction can be performed

(Brooke and Kaiser, 1969) so that the previously strong-staining fibres show

no staining pattern while the previously weak-staining fibres show a dark

staining pattern. Further it is sometimes possible to distinguish an

intermediate staining pattern (Dubowitz and Brooke, 1973; Guth and Samaha,

1969).

(ii) The Oxidative Enzymes

The importance of such enzymes to histochemical study is that



they reflect the utilisation of metabolic intermediates of the tricarboxylic

acid (TCA) or Krebs cycle and as such give clues to the muscle metabolism.

The dehydrogenases are substrate-specific oxidate enzymes which transfer

electrons from a substrate to an acceptor. An example relevant to the

present study being

succinate SDH fumarate

F^FPH2
The substrate, succinate, is oxidised to fumarate by succinate

dehydrogenase (SDH) activity. The reaction is associated with the

reduction of the electron acceptor, flavoprotein (FP).

The principle of the histochemical technique is to supply a

colourless, soluble tetrazolium salt which will be reduced, instead of the

electron acceptor, to a highly coloured, insoluble formazan product

(Dubowitz and Brooke, 1973)* It is essential that such product be

deposited at the site of the enzyme. Numerous tetrazolia have been used

though Nachlas et al (1957) after comparison of several found tetranitro

blue tetrasolium chloride (NBT) to possess most of the properties of the

ideal reagent for such a histochemical reaction.

Succinate dehydrogenase (SDH) is regarded as being purely

mitochondrial in location (Dubowitz and Brooke, 1973, lellin and Guth, 1970)

and as such an assay of the enzyme should lend much to an appreciation of

muscle fibre metabolism. Stein and Padykula (1962) also considered the

patterns of SDH activity to reflect the number and distribution of

mitochondria within the sarcoplssm. In their study of the medial head

of rat gastrocnemius they noted three distinct patterns of diforaazan

deposition. These patterns were further shown to remain constant for

individual fibres over a series of thirteen 10«. sections. They

described these patterns of SDH activity as follows: One type of fibre

showing a network of small diformasan particles, further particles arranged

in an open network and a lack of distinct subsarcolemmal activity# A

second fibre type with a network of particles as with the previous fibre
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but also particles arranged "... in small polygons, presumably

surrounding myofibrils ..." and a lack of strong subsarcolemmal activity

giving the fibre "... an indistinct margin ...". The third fibre type

was described as having "... large spherical particles which were

preferentially distributed towards the periphery • ••", fibres lined in

streaks at the centre and a clear though sometimes discontinuous rim

of heavy subsarcolemmal SDH activity marked by "... large elongated

masses of diformazan ...". Outh and Yellin (1971) also described

three distinct fibre types by SDH activity and Davis and Gunn (1972)

further described three fibre types and reiterated the intense subsarcolemmal

activity as described by Stein and Padykula (1962) in the fibres exhibiting

the highest level of SDH activity.

(iii) The glycolytic Enzymes

As an example of an enzyme of the glycolytic pathway

phosphorylasewill be used as it is frequently referred to in the

literature. This enzyme is concerned only with the degradation of

glycogen by the destruction of <*, -1, k'-glycosidic linkages, in vivo

(Dubowits and Brooke, 1973). However the histochemical demonstration

of the enzyme relies on the fact that, with adenosine monophosphate (AMP)

as primer and insulin as accelerator, glycogen is formed from glucose-1-

phosphate units, in vitro (Takeuchi & Kuriaki, 1955) - the action of the

enzyme is reversible. It is however important that as well as the

presence of phosphorylase in the tissue, that preformed glycogen is

present in order that the glucose units may add to it. In the absence of

glycogen, the phosphorylase reaction does not develop (Martin & Engel, 1972),

Thus by incubating muscle tissue in a medium containing AMP

as primer, glucose-1-phosphate, a small amount of glycogen and insulin

as accelerator, (Takeuchi 8e Kuriaki, 1955; Davis & Gunn, 1972) the

presence of starch or glycogen can be demonstrated.

Phosphorylase is believed to be confined to the aqueous

sarcoplasm of the intermyofibrillftr network (Brooke 8= Kaiser, 197^5
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Bubowits & Brooke, 1973) as it is present as a " ••• diffuse and even

stain." (Brooke & Kaiser, 197*0»

Takeuchi & Kuriaki (1955) provided the original technique and

distinguished two fibre types - one staining strongly deep blue-black, the

other staining weakly or showing only the negative yellow stain from the

iodine. Eranko & Palkaraa (1961) modified this technique to show the

presence of fibres intermediate between the two extremes. By these

techniques muscle tissue can be examined for phosphorylase thus giving

an indication of the anaerobic capacity of the constituent fibres.

<«> fibre Typing

While providing useful information about the enzymes

concerned with muscle fibre metabolism and contractile ability, the advent

of histochemical techniques has made fibre type classification progressively

more complex. Though considerable effort has been made to establish a

simple classification, most authors have introduced their own schemes based

on individual results and this has lead further to the confusion.

The early red/white classification was discarded in favour

of types 1 and 2 (Dubowitz & Pearse, I960) where type 1 had high oxidative

and low glycolytic activity while 2 had low oxidative and high glycolytic

activity. 'They recognised an intermediate fibre but did not classify

it. Engel (1962) also preferred a "two-type* system and classified

•type I* and 'type II' fibres by their myofibrillar ATPase reaction at pH 9.^5

the 'type I' fibres stained lightly whereas the 'type II* fibres stained

darkly. Guth & Yellin (1971) however described three fibre types by

the ATPase reaction with alkali preincubation and named them V* for the

darkest staining, ' p ' for the lightest and ' the moderately staining
fibres.

Use of the size and distribution of mitochondria within muscle

fibres was made by Stein & Padykula (1962) in their three-type classification

naming lightly stained fibres 'A*, heavily stained fibres 'C' and the

intermediate *B'.
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Brooke & Kaiser (1970) were in support of the two-type

classification dependent on the ATPase reaction at pH 9.k since they

found it to be "... the only histochemical reaction which permits the

differentiation into only two fibre types ..." and they suggested further

sub-typing dependent on other ensuing histochemical reactions. This

scheme was in agreement with King Engel (197*+) whose 'type I* and 'type II'

fibres compared with the 'type 3* and 'type 2* of Brooke St Kaiser (1970).

Mei.jer & Elias (1976) believed classification by the calciura-activated

ATP&se reaction to be recommended providing that techniques were applied

to demonstrate the oxidative enzymes as well.

Finally Komanul (1964) succeeded in demonstrating eight

different fibre types by comparing relative enzyme levels which gives an

indication of the broad spectrum of histochemical profiles available.
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k. Comparative mastication

Mastication is evident throughout the mammals where there

has been extensive differentiation of the masticatory apparatus to suit

the life-style to the individual species. Further, by examination of

the dentition, mandible shape and tenporomandibular joint form it is

possible to elucidate much of the life-style of the animal.

A neat comparison was made by Arendsen De Wolff-Exalto (1951)

of the angle of elevation of the condyle above the chewing surface. This

he described as the "... angle of elevation made by the processus

ascendens and the corpus mandibulae •••"; the apex being at the back of

the last molar tooth. He formed the following generalisation: In

Camivora the angle is very small whereas in Artiodactyla (even-toed

Ungulates) it is large. The angle in the case of Rodentia or Ineectivora

lies between.

Further interesting comparisons are available on examination

of the temporomandibular joint (TMJ). Qecht (1953) in his comparative

study noted the cone-shaped condyle of the tiger which he believed to be

a "... security device ..." against transverse movement and further that in

Carnivora jaw movements are "... exclusively in a vertical direction..."

In general it appears that the joint capsule is rigid enough to prohibit

transverse movements greater than necessary for the molars to meet for a

tearing action. Jaw action in Rodentia, Becht continues, and "••• in

particular in Ruminatia,... " contains a definite transverse component

and this appears to be permitted by a more flexible joint capsule. In

Rodentia the transverse ridges of the molars prohibit anteroposterior

motion of the jaws during mastication.

Some further specialisations have been observed by Scott &

Symons (196b) noting "... accessory lobes or cusps ..." on the incisors

of cats and dogs which by interdigitating facilitate a firm grasp on the

flesh being eaten. Pigs use their forward projecting lower incisors

as "... spade-like digging instruments ..." to unearth tender roots and
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the lateral pterygoid muscle is well-developed to provide this protrusive

component. Some Artiodactyl ungulates have a pad of fibrous tissue

in opposition to the lower incisors and canines. Ibis reduces the

damaging effect of the high silica content of grass on the incisors as

evident in the horses' edge-to-edge bite.
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5. Evidence for a Distinct Lateral Pterygoid/Posterior Temporalis Complex*

When the jaws are opened from the resting position the condyle

must be moved from the neutral zone (glenoid fossa) forwards onto the articular

eminence. It appears that "... the head of the mandible rotates round a

horizontal axis ..." (Gray, 1973) suid then moves forwards and downwards with

the articular disc to become approximated with the articular eminence.

The forward displacement of the head of the mandible is due to lateral pterygoid

action.

A reverse procedure induces jaw closure. The lateral pterygoids

are relaxed "... slow relaxation ..." (Gray, 1973) controls the backward

gliding, and the posterior fibres of temporalis contract to pull the head

into the neutral zone of the mandibular fossa. The forward displacement

of the condylar process is dependent on the stretch limit of the fibroelastic

tissue holding the disc to the temporal bone posteriorly.

By considering the line of action of the masticatory muscles

in man, raasseter and the bulk of temporalis are alined well to approximate

the teeth with force during chewing. Similarly the lateral pterygoid

and posterior fibres of temporalis are alined appropriately to control the

anteroposterior position of the mandibular condyle. In man those muscles

are arranged roughly parallel to each other implying a prime mover/antagonist

relationship. Previous work (Wilkinson, 1977) on the pig shows a

similar parallel arrangement and with the sheep this complex, though not

exactly parallel, is alined considering skull architecture so as to provide

a functional advantage.

Roche (1963) stated that " ... the action of the motor pathways

to the muscles of mastication is influenced by sensory impulses that

originate in the spindles in the muscle bellies and the tendon organs near

the musculotendinous junctions, and by the sensory endings of the TMJ, the

oral mucosa and the periodontal membranes ..." and with particular regard

to the spindles further comparison is available.
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Analysis of work by Freim&nn (195*0 showed large numbers of muscle

spindles in the elevator muscles of the jaw but none in the lateral pterygoid.

It is generally accepted that the elevators possess an abundance of spindles

but confusion persisted over lateral pterygoid until Gill (1970)

identified them in each of the masticatory muscles he studied • He

proposed that "... a low value for the ratio of spindles to gross of muscle

is a normal feature of the lateral pterygoid in man ..." and this appears

to be the case.

Padfield (197*0 presented a further comparison with his work

on muscle spindle abundance in the rabbit temporalis muscle. He observed

96 spindles in the main muscle belly while none in the supra-orbital ligament.

The temporalis muscle of the rabbit contains a muscular supra-orbital

ligament as part of a tripennate muscle. Further, he described the gross

anatomy of the supra-orbital ligament and notably its line of anchorage

which was "•». almost parallel to that of the lateral pterygoid ..."

The supra-orbital ligament may be regarded as a homologue of the posterior

fibres of temporalis muscle of man.

As previously determined (Wilkinson, 1977)» the abundance of

muscle spindles in the jaw elevator muscles suggests a suitable description

of those muscles to be 1spindle-rich*^ similarly the lack of spindles in

lateral pterygoid and posterior temporalis muscles designates them

"spindle-poor" .



6. Guidelines to Masticatory Muscle Function

(a) Muscle Spindles

Whereas the central reflex arc of the 'knee-jerk' reflex

was through the spinal cord, the arc connecting the muscles of mastication

is through the mesencephalic and motor nuclei of the trigeminal nerve

(Murphy, 1967). The motor nucleus in the pons holds the cell bodies

of both the large alpha efferents supplying the extrafusal fibres and the

thinner gamma efferents supplying the intrafusal fibres of the spindles.

During mastication the force of contraction of the jaw

elevators must be controlled to suit the texture of the food bolus.

Should the bolus consist of hard brittle material the control must be

concerned further with the prevention of the teeth clashing together when

the bolus breaks. Two theories are suggested for this control.

Firstly 3amett et al (1961) considered a "... typical stretch

reflex action ..." to be the control. This traditional view of lengthening/

excitation whereby the sudden'give' of the food bolus causes fast

lengthening of the jaw depressor muscles. Such fast lengthening would

stimulate spindle action and hence shortening in those muscles, causing jaw

depression to avert tooth damage. Of the depressor muscles Voss (1956)

found spindles in only the anterior belly of digastric and geniohyoid

muscles, and the numbers were few.

The second hypothesis proposes that "... shortening/inhibition

of prime movers ..." occurs as the safety factor (Murphy, 1967). This

mechanism involves the pre-eetting of the gamma efferent pathways to the

spindles or in effect a "... preparation in advance ..." (Ritchie, 1963)

whereby the extrafusal fibre contraction is controlled by the gamma system

of the reflex arc. Gray (1973), Ritchie (1963) and Matthews (196'+) all

stress the importance of the gamma system in presetting the spindle. The

sudden shortening of the prime movers as the cheek teeth crack through the

bolus will be detected by the muscle spindles in those muscles^preset by the



gamma system to allow a specific degree or velocity of shortening, causing

the inhibition of those muscles to prevent the jaws clashing together.

From anatomical considerations doubt must be cast on the first

theory? the antagonist muscles (jaw depressors) all act from or through the

hyoid bone which as part of theasceisl column of the neck is an insecure

attachment. Also the muscle spindles would be required in sufficient

numbers for their action to be effective. They are however few or absent

in the jaw depressor muscles while their abundance in the jaw elevators

presents a pointer to the second theory. Mqller (1976) believed that if

muscle shortens too fast, the spindles are unloaded and inhibition results,

(b) Histochemistry

By the method of demonstrating ATPase in muscle fibres it is

possible to ascertain the ratio of ATPase high to ATPaee low fibres within

particular fasciculi and therefore estimate the ratio for the muscle as

a whole. The reaction which demonstrates myofibrillar ATPase gives an

indication of the intrinsic speed of contraction of individual fibres

(Davis & Qunn, 1972; Guth & Yellin, 1971; Schiaffino, 197*0 and nence it is

possible to estimate the function of a particular muscle by this

histochendcal parameter.

The methods demonstrating SDH and phosphorylasegive an

indication of the capacity of the muscle fibre for aerobic and anaerobic

respiration respectively (Davis & Gunn, 1972). Taylor at al (1973) noted

the characteristic of rapid fatiguing of the cat masseter muscle whose fibres

stained predominantly weak for SDH. The intensity of the reaction for

SDH is related to a capacity for resistance to fatigue (Burke et al, 1971;

Guth & Yellin, 1971) and this capacity for prolonged exercise coupled to

high SDH activity was further demonstrated by Gollnick et al (1972). In

nan high oxidative potential is generally related to slow twitch fibres

while high glycolytic activity is to fast-twitch fibres (Thorstensson, 1977)*

The fast twitch, fast fatiguing (FF) units and the fast twitch.
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fatigue resistant (FR) units of Burke et al (1971) were rich in glycogen

while the slow twitch (S) units were glycogen-poor. The low oxidative

enzyme levels and sparse capillary supply of the FF units suggest that they

depend primarily on glycolysis for energy. Their rapid fatigue was

thought to be due to fast glycogen depletion. The FR units appeared

to be capable of both aerobic and anaerobic respiration. This feature

was further noted by Davis & Qunn (1972) in some mammalian diaphragm

muscles.

Close (1972) thought the histological properties of fibres

to be correlated to their probable function and Taylor & Calvey (1977)

believed the overall contractile characteristics of a muscle to be

governed by the proportions of each of the fibre types present, Sunuki

(1977) believed the histochemical characteristics to reflect a response of

the muscle to functional demands.

It appears therefore that certain functional aspects of

mammalian skeletal muscle may be estimated by histochemical techniques.
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7. The Purpose of the Study

Mastication is an extremely complex and highly coordinated

action about which a vast amount is yet to be understood. To date

functional analyses have primarily involved electromyography or visual

recordings to study chewing patterns.

With the advent of histochemistry a further mechanism is

now available by which an assessment can be made of muscle function.

However such techniques have been utilised more in the establishment of

fibre type nomenclature and where masticatory muscles have been used no

comparison has been made between them. As yet no ettempt has been made

to compare the masticatory muscles using histochemieal techniques.

The purpose of the present study is to investigate, by gross

anatomical and histochemical techniques, the muscles of mastication of

the cat and the rabbit. The cat, being a carnivore-type , and the

rabbit, being a rodent-type, provide suitable comparison between specialised

adaptations.

It is intended that an 'Anatomical Study' investigates the

line of action of the muscles related to the skull architecture while a

♦Histochemical Study* determines the levels of particular enzymes within the

muscle fibres.
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MATERIALS AND METHODS

1. The Animals

The present study was concerned with the following animals

Felia catus (domestic cat)

Qryctolagus cuniculus (rabbit)

Dried skulls were obtained and used for the Anatomical Study

and fresh specimens were obtained for both dissection and histocheaical

purposes. Examination of the dentition of the dried skulls ascertained

that they were adult specimens. The fresh specimens were also from

adult animals and the study was restricted to males. The animals were

believed to have no disease of the neuromuscular system and indeed all

were completely healthy animals.

As fresh tissue is essential for histochemistry, the animals

were killed immediately prior to use? this was achieved by an overdose of

the anaesthetic,Nembutal. The head was quickly severed after death and

the left side was used in the Histocheraical Study while the right side

was generally stored in a deep freeze for later anatomical analysis.
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2. The Anatomical Study

(a) Dried Skulls

The skulls were examined for features relevant to the present

study. This included a general analysis of the skull with a more detailed

study of the areas of attachment of masticatory muscles. The cranial and

mandibular components of the joint and the dentition also had attention,

(b) Dissection

The right side of the fresh specimens, reserved for the

Anatomical Study, were defrosted for dissection, some being preserved in

J$6 formaline. The purpose of the dissection was to investigate the

masticatory muscles of each animal with particular regard to attachments

and the line of action with respect to the occlusal plane. The general

form of the temporomandibular joint was also studied.

(c) Drawings

Most of the drawings are of the simple line variety where

prominent features are emphasised by thick lining and indistinct or

background features are portrayed by thin lining.

In the diagrams where muscle attachment is indicated the

whole area is outlined by thick black lining while the area itself is

cross-hatched.

(d) Terminology

For a good understanding it is important that the terminology

used is both consistent and clear. In descriptive anatomy the terms rostral,

candal, ventral and dorsal frequently appear, notably in zoological texts:

In the present study the respective terms used will be anterior, posterior,

inferior and superior. The following pairs of terms which will be used

are synonymous; anteriorly or forwards, posteriorly or backwards, superiorly

or upwards and inferiorly or downwards.
f

__ '
^

Two reference planes will be used and a short description

follows. Occlusal plane - the plane at which the cheek teeth meet in

occlusion. Joint plans - the plane, parallel to the occlusal plane,
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which passes through the neutral zone of the tenyoromandibular joint,

(e) Evaluating the Anatomical Study

The purpose of the Anatomical Study was to determine the

line of action of each of the muscles or parts thereof and thus to assess

the effect of individual muscle contraction on the position of the mandible.

For such an assessment a study of the temporomandibular joint was essential;

the structure of the bony components together with the assessed strength

or weakness of the ligamentous structures will determine the freedom of

movement permitted at the joint.
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3» The Histochemical Study

(a) Dissection and Biopsy

Samples were obtained from the left side of the head and were

removed as quickly as possible post-mortem. As determined by the

Anatomical Study samples vrere taken from the following muscles or

parts thereof.

Felis catus superficial raasseter

deep raasseter

anterior temporalis

central temporalis

posterior temporalis

digastric (anterior belly)

medial pterygoid

lateral pterygoid

Oryctolagus cunicuius superficial masseter

deep masseter

accessory masseter

temporalis

supra-orbital ligament

digastric

medial pterygoid

lateral pterygoid

After decapitation the head was skinned quickly and the loose fascia

removed from the superficial muscles. Host of the muscles under study

were exposed with little difficulty ; however there were exceptions. For

example the rabbit temporalis required removal of the orbit and related

structures, the medial pterygoids were generally hidden by the submandibular

structures and deep masseter required blunt dissection to separate it from

the superficial head. In both animals the lateral pterygoid provided

some problems; notably in the cat where the muscle is very small. The

most successful technique proved to be to split the mandible behind the
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last molar tooth then,having sectioned the joint capsule,to cut the muscle

close to its origin. Hence the bulk of the muscle, still retained in

position on the ramus of the mandible, was available for biopsy.

Where the muscle as a whole was small or unipennate the samples

were taken from the centre of the belly. However in the case of the

muscle being large the sample was always taken from the same area; that

area being as near centre as possible.

Tissue samples were kept as small as conveniently possible,

having dimensions between two and five millimetres. An attempt was

always made to keep at least one dimension down to 2 tan though there were

naturally problems in keeping samples so small yet ensuring correct

orientation of the fibres. The tissue was placed on a small square of

filter paper so that a cross-section was presented for subsequent sectioning,

(b) The Freezing Technique

During the course of the study two techniques were used to

freeze the muscle tissue. One used liquid nitrogen as the coolant the

other employed dry ice (CO^). There are no records in the literature
of either giving false results histochemically the main difference is that

liquid N-, is capable of cooling tissue to -170°C while CQ^ only to -70°C.
Liquid Nitrogen; The filter paper with tissue in place was

lightly adhered to a cryostat chuck with 10% acacia solution. Meanwhile

isopentane was precooled to approximately -l60°C by immersing a brass

vessel of the liquid into a flask of liquid N^. At a temperature of
-160°C isopentane has a slightly syrupy consistency (Dubowitz & Brooke,

1973) and this was used as a guideline. The cryostat chuck with sample

was lowered into the cooled isopentane by means of a metal lowering cradle

and maintained there for some five to eight seconds. The sample/chuck

complete was then lifted from the isopentane and placed in a cryostat set

to -20°C.

Dry let A oyotem woo d.sigb.d vboreby CO., wao blMt.d from

a pressurized container onto the cryostat chuck immediately below the position



of the muscle sample. Again the tissue on filter paper was lightly

adhered to the chuck by 10$ acacia solution. The chuck complete was

clamped down onto a nozzle connected via a control valve to a carbon dioxide

cylinder. The nozzle/chuck was encased in a metal container with a

perapex visor. The CO^ was ejected onto the chuck in short, sharp bursts,
four to six of which were sufficient for adequate freezing of the tissue.

The tissue/chuok complete was then placed in a cryostat set to -20°C.
For both liquid and 00? techniques it was desired that the

tissue be frozen as quickly as possible, hence the small size of sample.

..Warming on the other hand was achieved as slowly as possible which, in the

cryostat at -20°C, took some 60 to 90 minutes after liquid freezing

compared with some 45 to 60 minutes after CO., freezing. Such times

related to samples with at least one 2 ram dimension. After such times

the tissue was in suitable condition for sectioning.

Cc) Sectioning

Sectioning was performed on a Slee (Tondon) cryostat maintained

at -20°C which had a motor-driven sectioning arm capable of cutting

automatically. The chuck with tissue in place was mounted on the

sectioning arm and alined roughly with the cryostat knife. The block was

trimmed sufficiently so that sections were taken from the centre of the

sample. Ribboning was facilitated by squaring-off the block face.

Sections, always taken at 10pm, were picked up directly from
the knife-edge on 22 x 22mm covergiassea. Due to the difference in

temperature between the two, the sections neatly adhered to the coverglass.

farther equilibration was achieved by the warmth of a finger placed beneath.

Sections for immediate use were further warmed at room

temperature for five to ten minutes while sections for storage were racked

in the cryostat environment and placed in a dessicator.

The purpose of the sectioning was to produce serial sections

of the muscle tissue so that hietocheraical methods could be applied to



determine the staining characteristics of individual fibres. This

proved difficult to achieve since any slight change in temperature affected

the thickness of the section and occasional sections produced were of no

apparent use. Hence for each tissue block, where four separate groups of

sections were required (one for each histochemical method) for the first and

last groups three or four serial sections were taken per coverslip while

two serial sections were taken per coverslip for the two intermediate

groups. Hence the maximum distance between first and last section was

12Qjjm . This method was designed to maintain a fserial effect1 while
eliminating the possibility of wasted sections.

These sections were also used to perform a percentage composition

study whereby the percentage of individual histochemical fibre types could

be assessed.

(d) Storage

Due to the large numbers of sections taken from each animal

and the length of certain stages in the histochemical study it was invariably

necessary to store tissue or sections for periods of upwards of twelve hours.

Of several methods attempted only the following was successful.

Storage took place within the environment of the cryostat

maintained at -20°C for periods of up to twenty-four hours. The main

problem was to prevent individual fibres from cracking and this waB achieved

by racking the mounted sections in an evacuated k" Jencons (Hemel Hempstead)

Dry Seal Safety dessicator.

Prior to all histochemical reactions the sections were warmed

fully with the heat of a finger beneath the slide then at room temperature

where the sections were left to dry for some ten to fifteen minutes.

(e) Histochemical Techniques.

The qualitative abundance of the enzymes adenosine triphosphatase

(ATPaee), succinate dehydrogenase (SDH) and phosphorylase associated with
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muscle fibres was assessed. Further a routine stain was employed to

establish fibre outlines.

From each tissue sample four groups of serial sections were

taken - one group to each staining technique. All the histochemical

reactions took place in Colombo dishes (of suitable size to hold 22 x 22 mm

coverglasses) and where temperature was vital an incubator was employed.

The following histochemical techniques were adopted,

(i) Adenosine Triphosphatase (ATPase)

The method of Padykula & Herman (1955) was adopted as modified

and described by Davis fe Gunn (1972) and with further modification, notably

to include the preincubation technique of Dubowitz & Brooke (1973)* A

scheme of the technique follows.

i) preincubate in medium at room temperature
ii) double wash in distilled water

iii) incubate in medium at 37°C
iv) wash in distilled water

v) wash in two changes of 1% CaCl., in 75% alcohol
vi) double wash in distilled water

vii) 2% Cobaltous chloride

viii) three or four washed in distilled water

ix) stain in 1% ammonium sulphide

x) double wash in distilled water

xi) 75% alcohol

xii) dehydrate in alcohols; 96%, absolute

xiii) clear in xylol; mount in styrene

Preincubation Medium

8 ml of 0.1 H Sodium barbital

8 ml of 0.18M calcium chloride

2k ml distilled water.

Incubation Medium

8 ml of 1.0 M tris-(hydroxymethyl) - arainoraethane
^ ml of 0.18 M calcium chloride

60 mg ATP disodium salt in 30 ml distilled water

pH adjusted to 9.5 with 0.1 M HC1,

15 mins

20 rains.

total 10 mins.

3 mins.

90 sees.

2 mins

rinses



(ii) Succinate Dehydrogenase (SDH)

Davis & Qunn (1972) described the method of JHachlas et al

(1957) and this was utilised to establish the localisation of the enzyme.

A scheme of the technique follows.

( i) incubate in medium at 37 C 20 mins

( ii) double wash in distilled water

( iii) dry in incubator at 37°C 15-30 wins

( iv) fix in 10$ formaldehyde 10 rains

( v) wash in distilled water

( vi) 75$ alcohol 2 mins

( vii) dehydrate in alcohols; 90$ absolute rinses

(viii) clear in xylol; mount in styrene

Incubation Medium

10 ml of 0.2 M phosphate buffer at pH 7.6 (adjusted with
0.1 M HCl)

10 ml of 0.2 M sodium succinate

20 ml tetranitro blue tetrazolium chloride (NBT) as 1 mg per ml

(iii) Phosphorylase

Takeuchi & Kuriaki (1955) introduced a technique for the

demonstration of this enzyme and this was described by Davis & 3unn (1972)

and adopted. A scheme of the technique follows.

( i) incubate in medium at 37°C 3 hours

( ii) wash in distilled water

( iii) rinse in 75$ then 96$ alcohols

( iv) fix in absolute alcohol 10 mine

( v) dry in incubator at 37°C 15-20 mine

( vi) stain with 10$ Gram's Iodine 3 mins

( vii) double wash in distilled water

(viii) dry in incubator at 37°C 20-30 mins

( ix) clear in xylol; mount in styrene



Incubation Medium

75 rag glucose - 1 - phosphate (G-l-P)

15 rag adenosine monophosphate (AMP)

3 mg glycogen

1 international unit (I.U.) insulin (0.04 mg)

22.5 ml distilled water

15 ml acetate buffer at pH 5*8 (adjusted with 0.05 M acetic acid)

7«5 ral absolute alcohol

Gram's Iodine
(diluted to 10% as stain)

1 g sublimised iodine

2 g potassium iodide

300 ml distilled water

(iv) Routine Stain

The following routine staining method was employed to show

fibre outlines. The scheme follows.

( i) fix in 10$ formaldehyde 10 mins

( ii) double wash in distilled water

( iii) stain in Ehrich's Haematoxylin 20 mins

( iv) double wash in distilled water

( v) 75$ alcohol 2 mins

( vi) dehydration in alcohols; 96$, absolute rinses

( vii) clear in xylol; mount in styrene

All chemicals for the histochemical techniques were supplied

by British Drug Houses Ltd., Poole, England, with the exceptions of NBT,

ATP, AMP, G-l-P, glycogen and insulin which were supplied by the Sigma

Chemical Company, St. Louis, U.S.A.

(f) Evaluating the Histochemioal Study

Initially sections were examined by microscope to ascertain

that the histochemical reactions had been successful. By the use of a

projection microscope the image of sections stained with Ehrlich's



Haeraatoxylin was cast onto a white background and the outlines sketched.

Ensuing serial sections could then be cast onto this outline and the

specific staining patterns for each fibre recorded so that comparisons

be made of the enzyme characteristics of individual fibres. For such

histochemical 'profiles' bundles of fibres were generally selected

comprising between fifty and one hundred fibres.

To establish a percentage fibre composition a wider area

was used which generally comprised some 150 to 300 fibres.

In distinguishing fibre types the methods of past authors

were adopted. To distinguish ATPase high fibres from ATPase low fibres

the general methods of Dubowitz & Brooke (1973) was adhered to for the

cat while Schiaffino (1977) provided the basis for classification in the

rabbit. Stein & Padykula (1962) and Davis & Gunn (1972) provided the

basis for distinguishing SDH activity and the latter authors also described

the method for phosphorylase.

The measurement of fibre cross-sectional area as an indication

of fibre size was considered essential to the study. Since muscle fibres

are generally quite irregular in shape a simple method was adopted whereby

fibre diameter was to be estimated. The method of Taylor & Calvey (1977)

was used whereby the maximum diameter was measured as well as the diameter

at right angles to itJ fibre diameter being expressed as the means of these

two measurements. Photomicrographs, of known magnification, were taken

of transverse sections of the muscle tissue stained with Ehrlich's
V

v
Haematoxylin which enables fibre outlines to be distinguished.
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OBSERVATIONS AND RESULTS

1» The Anatomical Study

(a) Pried Skull Analysis

(i) Felis catus (Figure k). The most readily notable featuresof

the dried skull of the cat were the large orbital cavities, the extent of

the temporal fossa and the sharpness and size of the canine teeth. The

superior surface of the cranium was curved smoothly and neatly from nuchal

crest forward to the premaxilla. The occipital condyles were positioned

posteroinferiorly; their low position relating to the upright position in

which the cat holds its head.

The temporal fossa was well-developed and led forwards into

the orbital cavity. There was no post-orbital bar though the descending

process of frontal bone and post-orbital process of zygomatic bone were of

notable size. The temporal fossa also leads forwards and downwards across

the infratemporal crest (Figure 8) into the infratemporal fossa which was

demarcated superoraedially by the poorly defined arcuate line.

A small pterygoid plate was noted, formed by the fusion of

pterygoid process of palatine bone with baeisphenoid bone (Figure 8). The

plate terminated inferiorly as a hook-shaped hamulus.

The mandible was widely angled back from the symphysis mentis;

the body was stout and blended posteriorly into a well-developed plate-like

coronoid process. The angle had a well-defined processus annularis

pointing posteromedially. There was little or no evidence of a condylar

neck while the head spread out sharply medially and laterally presenting an

articular surface superiorly. This surface was thus broad laterally

while narrow anteroposteriorly and convex in shape.

The zygomatic arch swept outwards and backwards from the maxilla;

comprising the zygomatic bone and zygomatic process of temporal bone. The

cranial component of the joint was situated on the inferior surface of the

root of the zygoma. The articular surface was of similar dimensions to

the mandibular component but was deeply concave. A post-gLenoid tubercle.
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Felis catus (Cat)

Bony Skull Profile

A* temporal fossa

B. orbital cavity

C. occipital condyle

D. upper canine tooth

E. nuchal crest

F. descending (post-orbital) process of frontal bone

Q. post-orbital process of zygomatic bone

H. body of mandible

J. processus angularis

K. Ooronoid process

L. condylar process

M. zygomatic arch

N. zygomatic bone

0. post-glenoid tubercle.
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or functional homologue, was present at the posteromedial margin of the

cranial component. The articular surfaces of the cranial and mandibular

components of the joint were remarkably reciprocal,

(ii) Oryctolagus cuniculus (Figure 5), Perhaps the most striking

features of the rabbit were the lack of a distinct temporal fossa, the

size of the masseteric fossa and the size of the mandible as a whole. The

occipital condyles were positioned posteroinferiorly as appropriate with

the erect posture of the head.

The much reduced temporal fossa led forwards to the orbit

superiorly and the infratemporal fossa inferiorly. The orbit was

comparatively large and had a post-orbital process or fronted bone for

superoposterior protection. The infratemporal fossa was separated from

the orbit by a marked arcuate line medially and from the temporal fossa

posteriorly by the infratemporal crest (Figure 12), This fossa was

defined inferiorly by the lateral projection of the pterygoid process

which terminated as distinct medial and lateral pterygoid plates. There

was evidence of a pterygoid hamulus on the medial pterygoid plate (Figure 12),

The mandible was irregular in shape. The body was stout with

a sizeable diastema while the ramus and angle were thin. The coronoid

process was much reduced in size (Figure 11) while the condylar process was

comparatively large. At the angle there were distinct masseteric and

pterygoid tuberosities at the end of a thickened inferior margin. The

head of the mandible was narrow laterally but with considerable length

anteroposteriorly. The articular surface was hemispherical anteriorly

tapering to a cylinder-form posteriorly.

The zygomatic arch swept sharply backwards from the maxilla

being comprised primarily of the zygomatic bone. The arch terminated as the

zygomatic process of the temporal bone which looped medially over the

condylar process presenting the cranial component of the joint on its

inferior surface.

The cranial component of the joint was of comparable dimensions

i

i
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Key to Figure 5

OryctolagUB cunicuius (Babbit)

Bony Skull Profile.

A. temporal fossa

B. occipital condyle

C. orbit

D. post-orbital process of frontal bone

1, infratemporal crest

F. body of mandible

G. angle of mandible

H. masseteric tuberosity

J. condylar process

K. ramus of mandible

L. zygomatic arch

M. maxilla

N. zygomatic process of temporal bone

0. external acoustic meatus.
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to the hemispherical anterior end of the condyle but lacked any great

anterioposterior dimension. A glenoid fossa was evident but there was

no evidence of a post-glenoid tubercle or a functional homologue. The

articular eminence was concave laterally and convex anteroposteriorly

hence reciprocating the shape of the condyle.

The cheek teeth were notable for their transverse ridges and

anisognathisn.

(b) The Masticatory Muscles

(i) Felis catus

Hasseter. The muscle possessed two heads and in general arose

from the zygomatic arch, passed downwards and backwards to attach to the

angle and ramus of the mandible. The muscle bulged outwards and downwards

with the lower jaw in the resting position.

The superficial head arose from the anterior three-quarters of

the arch, from the inferior half of the external surface and the inferior

margin (Figure 6). The area was well-defined on the bony skull by a

ridge arching forwards over the zygomatic bone and extending forwards to the

alveolar process of the maxilla immediately superior to the last molar

tooth (Figure 6). The muscle passed forwards and backwards over the deep

head to insert into an area of the angle inferior to the masseteric fossa

(Figure 6); the most anterior and superficial fibres appeared to curve

downwards and backwards converging near the processus angularis. Where

these fibres bulged downwards they became closely related to medial pterygoid

muscle and there was loose connection by fibrous tissue.

Of the six animals studied the line of action varied from 43° to

52° anteriorly to 77° to 83° posteriorly with respect to the occlusal plane.

The deep head of masseter arose from the posterior quarter of

the zygomatic arch; that part being the zygomatic process of temporal bone

(Figure 6). The fibres arose from the internal aspect of the process and

passed downwards predominantly to attach to the masseteric fossa (Figures 6

and 7).
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Key to Figure 6

Felis catus - Muscle Attachments

A. origin superficial masseter

B. insertion superficial masseter

C. origin deep masseter

D. insertion deep masseter

E. origin digastric

Muscle attachments are indicated by 45° hatching. The broken hatched

lines indicate an attachment to the internal surface of the zygomatic arch.

Key to Figure 7

Feli3 catus - Muscle Attachments

A. origin anterior temporalis

3. origin central temporalis

C. origin posterior temporalis

D. insertion central temporalis (tendinous)

E. insertion posterior temporalis

F. insertion deep masseter

G. origin digastric

H. cut ends of zygomatic arch

The zygomatic arch has been removed for clarity. Muscle attachments are

indicated by ^5° hatching. The margins between the origins of the heads of

temporalis muscle are indicated by crossed lines.
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Key to Figure 8

Felis catus - Pterygoid Region - Muscle Attachments.

A. origin medial pterygoid

B. origin lateral pterygoid

C. cut ends of zygomatic arch

D. infratemporal crest

E. pterygoid plate

F. pterygoid hamulus

G. pterygoid process of palatine bone

H. basisphenoid bone.

The zygomatic arch has been removed for clarity and the cut ends are

indicated. Areas of muscle attachment are indicated by ^5° hatching.

Key to Figure 9

Felis catus - Deep Aspect Mandible - Muscle Attachments

A. insertion medial pterygoid

B. insertion lateral pterygoid

C. insertion of tendinous part central temporalis

D. insertion of posterior temporalis

E. insertion anterior temporalis

F. insertion digastric

G. mandibular foramen

H. processus angularis

The stippled region represents the bisected symphysis mentis. Muscle

attachments are indicated by k3° hatching.
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Where apposition occurred between the two heads the deep head

presented an aponeurosis. There was little interdigitation between the

two heads but where this occurred it was at the anterior margin of the

deep head.

Hie line of action varied between 68° and 73° anteriorly to

two degrees either side of the perpendicular posteriorly with respect to

the occlusal plane.

Temporails. In the cat temporalis muscle was comparatively

large and fleshy. It arose from the extent of the temporal fossa to

attach to the coronoid process. Hi® muscle possessed a large central

head and two thin strap-like bellies.

Hie central head arose from all but two small areas of the

temporal fossa (Figure 7). Hie fibres passed forwards converging to

make tendinous attachment to the superior and anterior margins of the

coronoid process (Figures 7 and 9). This part of the muscle was wholly

covered by aponeurosis superficially.

Due to the fan-shape of the muscle the line of action varied

much with respect to the occlusal plane, from 35° to 37° upwards and forwards

by the most posterior fibres to 31° to 3^° downwards and forwards by the

most anterior fibres.

Hie anterior head arose from a small area of the temporal fossa

(Figure 7), the aponeurosis of the contiguous central head and the overlying

temporal fascia. The fibres passed downwards and forwards to attach to

the internal aspect of the mandibular coronoid process (Figure 9) and the

adjacent inserting fibres of the central head. These fibres made an

angle with the occlusal plane of between 32° and 35°.
The posterior head arose from a small area of the temporal fossa

(Figure 7) extending forwards to the origin of deep msseter, the adjacent

aponeurosis of the central head and the overlying temporal fascia. Hie

fibres passed forwards find slightly upwards to insert into the external

aspect and superior margin of the coronoid process (Figure 7). Hie fibres
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of the posterior head made an angle upwards and forwards of between 31°
and 35° with respect to the occlusal plane in the animals studied.

Digastric This muscle possessed two distinct bellies

separated by a thin tendinous plate. The muscle as a whole was strap¬

like, flattened in the occlusal plane and had an aponeurosis arising from the

tendinous plate and passing forwards where apposition occurred with the

suprahyoid muscles. The anterior belly comprised the bulk of the muscle

and took up some three-quarters of its total length.

The muscle arose from the mastoid process (Figures 6 and 7)

passed forwards and downwards and attached to the internal aspect of the

body of the mandible. This area of insertion extended from a line relative

to the anterior margin of the maseeter muscle forwards to the symphysis

mentis (Figure 9). The muscle angled forwards and downwards at between

17° and 22° with respect to the occlusal plane.

Medial Pterygoid. In the cat this muscle was not particularly

well developed. It contained numerous tendinous plates within its substance

and presented an aponeurosis superficially at its origin.

The muscle arose from the lateral surface of the pterygoid plate

but not the hamulus (Figure 8) passed predominantly outwards but also

downwards and backwards and made insertion at the internal aspect of the

angle of the mandible (Figure 9). The area of insertion was small
\

extending downwards from the level of the mandibular foramen and as far back

as the processus angularis.

Medial pterygoid muscle angled outwards and backwards by some 52°
to 57° anteriorly varying to some 69° to 73° posteriorly with respect to the

median plane. Further the muscle angled with respect to the occlusal plane

between 55° to 59° anteriorly to 71° to 75° posteriorly.
Lateral Pterygoid. In the cat lateral pterygoid was virtually

non-existent. It was a thin strip of muscle with a few tendinous bands

closely related to medial pterygoid. The muBcle arose from a small

area posteriorly on the pterygoid plate nestled within the origin of medial
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pterygoid muscle (Figure 8). The fibres passed predominantly outwards

but also backwards and slightly downwards grooving the substance of medial

pterygoid. Insertion was at the inferomedial part of the head and neck

of the mandible adjacent to the capsular ligament of the joint. A small

portion of the muscle also attached to the capsule and articular disc of

the joint (Figure 9).

Lateml pterygoid singled outwards and backwards by some 65° to
the median plane. With respect to the occlusal plane the muscle angled

backwards and slightly downwards by between .5° and 10°.
Muscle Colour. 'The masticatory muscles of the cat were as

a whole red in colour however there was slight variation. Lateral pterygoid

was the notable exception being almost crimson in colour in all the specimens

examined. Medial pterygoid and digastric also showed a red colour slightly

darker and deeper than masseter and temporalis.

(ii) Qryctolagus cuniculus

Masseter. In the rabbit masseter was a large muscle possessing

three heads of which the superficial head was large with numerous intermuscular

septa, the middle head was small, blended into the superficial head and the

deep head was snail and distinctly separate. Both heads arose from the

zygomatic arch and attached to the angle and ramus of the mandible.

The superficial head arose from the anterior two-thirds of the

arch (Figure 10) i from the lower half of the external aspect and the inferior

margin. Hie head had tendinous origin anteriorly extending backwards as

a superficial aponeurosis. The fibres passed downwards and backwards to

invert into the angle and part of the ramus and to the masseteric tuberosity

(Figure 10). The anterior fibres angled with respect to the occlusal

plane between 78° and 8l° while the posterior fibres angled between Jl° and

75°.

The middle head was small and apart from a free posterior border

defined by an aponeurosis, the muscle appeared to be an integral part of the

superficial head.
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FIGURE 11

MUSCLE ATTACHMENTS TO CRANIAL PROFILE - RABBIT



Key to Figure 10

Qryctolagus cuniculus; Muscle Attachments

A, origin superficial/middle masseter

3* insertion superficial/middle masseter

C. origin deep masseter

D. insertion deep masseter

E. origin supra-orbital ligament

F. origin digastric

3. post-orbital process of frontal bone

Muscle attachments are indicated by hatching.

The approximate division between the insertions of the superficial and

middle heads of masseter is indicated by a dotted line.

The broken hatched lines indicate the origin of deep masseter on the deep
t

surface of the zygomatic arch.

Key to Figure 11

Oryctolagus cuniculus: Muscle Attachments

A. origin supra-orbital ligament

3. insertion supra-orbital ligament on coronoid process

C. insertion deep masseter

D. origin digastric

E. mandibular condyle

F. post-orbital process of frontal bone

3. zygomatic process of temporal bone (cut end of zygomatic arch)

The zygomatic arch has been removed for clarity. Muscle attachments are

indicated by ^5° hatching.
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Key to Figure 12

Oryctolagus cuniculus; Pterygoid Region - Muscle Attachments.

A. origin temporalis

B. origin lateral pterygoid

C. origin medial pterygoid

D. optic foramen

E. cut end of zygomatic arch

F. infratemporal crest

G. medial pterygoid plate

H. lateral pterygoid plate

J. arcuate line

K. pterygoid hamulus

The zygomatic arch has been removed for clarity. Areas of muscle attachment

are represented by ^5° hatching.

K°y to Figure 1?

Oryctolagus cuniculus; Deep Aspect Mandible - Muscle Attachments

A. insertion supra-orbital ligament

B. insertion lateral pterygoid

G. insertion temporalis

D. insertion medial pterygoid

E. insertion accessory laasseter

F. insertion digastric

G. mandibular condyle

H. mandibular foramen.

The stippled region represents the symphysis mentis, cut in media

section. Areas of muscle attachment are represented by ^5° hatching.
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The deep head aroee from the posterior third of the inferior

margin and the posterior two-thirds of the internal aspect of the

arch (Figure 10). The fibres passed downwards and forwards to attach

to the upper half of the ramus of the mandible (Figures 10 and 11). The

fibres direction varied between 80° and anteriorly to 70° posteriorly,

angling downwards and forwards with respect to the occlusal plane.

The most anterior fibres of the superficial head did not insert

immediately at the angle but formed a separate muscle belly which extended

round the inferior margin of the angle to insert into a flattened area

there (Figure 13). Attachment was also made to the deep fascia overlying

the adjacent inserting fibres of medial pterygoid. As this muscle

provided further comparison with the cat it was to be included in the

'Histochemical Study'. For the purpose of the study it was named 'accessory

masseter'.

Temporalis. This muscle was considered separately from the

supra-orbital ligament. It was comparatively small in size and possessed

numerous tendinous plates within the substance of the muscle. Temporalis

arose from an area of the infratemporal fossa demarcated superoposteriorly

by the infratemporal crest, behind by the zygomatic process of temporal

bone and below by foramen ovale (Figure 12), The muscle passed downwards

and forwards to attach to the mandibular ramus; to an area defined anteriorly

by the internal oblique line, inferiorly by the mandibular foramen and

posteriorly by the attachment of lateral pterygoid (Figure 13).

Fibres of this muscle angled downwards and forwards at between

62° and 6?° with respect to the occlusal plane.

Supra-orbital Ligament. The ligament had muscular origin

from the extent of the temporal fossa then became tendinous passing upwards

and forwards. Figure 11 describes the area of origin. The ligament pulleyed

round the origin of the zygomatic process of temporal bone where it was

held firmly in position by dense fibrous tissue connecting that process with

the post-orbital process of frontal bone. From the pulley the tendon
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passed forwards and downwards to make insertion at the reduced coronoid

process (Figure 11).

The effective line of action of the supra-orbital ligament was

at some 60° to 62° with respect to the occlusal plane.

Digastric. In the rabbit the digastric muscle was unicipital

arising as a thin tendon and making muscular insertion. The muscle arose

from the mastoid notch of the mastoid process as a thin tendon which passed

forwards and downwards becoming broadened and flattened in the horizontal

plane (Figures 10 and 11). As the muscle reached its mid-point, where it

crossed medial pterygoid muscle, the tendon gave way to a fleshy muscle

belly. The muscle inserted into the internal aspect of the mandibular

body; a large area extending from the insertion of medial pterygoid

posteriorly to the symphysis mentis anteriorly (Figure 13). With respect

to the occlusal plane the muscle angled downwards and forwards by some lL°
to 17°.

Medial Pterygoid. The muscle contained numerous intermuscular

septa the most superficial of which attached to the pterygoid notch at the

mandibular angle. The muscle arose from the upper part of the lateral

surface of the medial pterygoid plate, the medial surface of the lateral

pterygoid plate and the intermediate area of bone (Figure 12). There was

an aponeurosis superficially at the origin decreasing over the length of

the muscle. The muscle passed downwards and slightly backwards to attach

to the internal aspect of the angle of the mandible (Figure 13); the area

being defined anteriorly by the mandibular foramen, inferiorly by the

pterygoid tuberosity and posteriorly by the processus angularis. With

respect to the occlusal plane the muscle angled downwards and backwards by
i o

approximately w posteriorly while anteriorly the fibres ranged between the

perpendicular and 5° downwards and forwards.

Lateral Pterygoid. The muscle was comparatively large and

possessed one fibrous septum, a thin band of fibrous tissue separating the

muscle into two halves. Lateral pterygoid arose from the lateral aspect of
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the lateral pterygoid plate (Figure 12)? in area defined superiorly by the

foremen ovale. Die muscle passed upwards and backwards to ui-uich to the
. L

posterior third of the upper half of the ramus, to the fibrous capsule of
i \\ •

the joint and to the articular disc (Figure 13)*

With respect to the occlusal plane the muscle angled between

**9° and 53° upward® and backwards.

Muscle Colour. The muscles of mastication of the rabbit

varied widely in colour. The muscles deep maeseter and supra-orbital

ligament were almost white in colour, accessory masseter was pale red and

superficial masseter red in colour. Both pterygoids,, digastric and temporalis

were dark red in colour.
- J-
'• "

\

<°> The Tecpoiypandibular Joiqt
\

(i) Felis catus. The architecture of the cranial and mandibular

components of the joint was strikingly reciprocal. The articular disc

was thin and conformed neatly to the appropriate articular surfaces.

Figure Ik is a schematic representation of the joint, not anatomically accurate

but designed to show the functional aspects. The articular disc has been

omitted for clarity.

The fibrous capsule was rigid apparently prohibiting movements

other than in the sagittal plane.

(ii) Oryctolagus cuniculua. The cranial component and articular

disc were small compared with the else of the articular surface of the

mandibular component. Again a schematic diagram was designed (Figure 15)

to show the functional aspects of the joint. The articular disc was

omitted for clarity.

The fibrous capsule was extensive in its attachments presumably

therefore loose to allow a wide range of movements at the joint.



FIGURE 14

A Representation of the Cat Temporomandibular Joint
( the articular disc has been omitted for clarity )



FIGURE 15

A Representation of the Rabbit Temporomandibular Joint
( the articular disc has been omitted for clarity )

Zygomatic Arch
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2. The Histochemical Study

(a) The Histochemical Staining Characteristics

(i) ATPase. Muscle tissue incubated and stained to demonstrate

ATPase activity at pH 9,k produced the staining characteristics as follows

with consistency.

Samples of muscle from the cat showed two distinct staining

patterns (Plate 1) with some fibres staining darkly while other fibres showed

a pale staining reaction. Those darkly-stained fibres were regarded as

having a high concentration of ATPase (ATPase-high) while the lightly-stained

fibres were regarded as having a low concentration of ATPase (ATPase-low).

Sections of rabbit muscle at low magnification appeared to be

uniformly dark-stained in each sample. However at higher magnification two

distinct staining reactions were observed (Plate 2). In both cases the

myofibrils appeared darkly-stained but while in some fibres the fibrils were

separated by a broad unstained intermyofibrillar network, in others this network

stained suggesting the presence of the enzyme. Further in the former case

the margin of the fibres was irregular in shape while in the more densely

stained fibres the margin was regular.

Thus, as with the cat, t\«> distinct staining patterns were observed.

For the purpose of classification fibres were regarded as ATPase-high or

ATPase-low depending on the intensity of their staining reaction.

The staining of the nuclei was irregular, in some cases they

stained densely while at other times staining was partial or non-existant.

As a general observation those fibres which stained lightly tended

to be smaller in cross-sectional area than the more heavily staining fibres

for both the cat and the rabbit.

(ii) SDH. In the case of both cat and rabbit three distinct

patterns of SDH activity were observed (Plate 3)» Firstly some fibres

were lightly stained which under higher magnification was seen to be the

effect of a regular staining of the intenayofibrillar network. This was in

the form of thin filamentous streaks often arranged in parallel bundles with
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the myofibrils outlined by cross-streaking. Such patterning was uniform

over the fibre cross-section.

A second more deeply stained fibre type was observed which at

higher magnification revealed aggregations of diforraazan giving the fibre a

speckled appearance. Such speckling was concentrated peripherally while

centrally the staining of IMF network was seen as irregular streaks which

frequently joined the speckles.

The third type of fibre showed an intense reaction peripherally

represented by the dense aggregations of diformazan particles. The

intensity of this subsarcolemmal activity of the enzyme produced a dark

ring around the fibre making it easily distinguished from the other fibre

types. Centrally the reaction was less intense where a dense speckling

of diformazon particles was seen interconnected by streaks or accumulated

as larger spots.

For the purpose of the study fibres were described as having 'high*

'intermediate* or 'low' staining characteristics. It was worthy of note

that SDH-high fibres were invariably small in cross-section compared with

the other types in any section while SDH-low fibres were usually of the largest

cross-sectional area. Cell nuclei were not stained by this method.

(iii) Phosphorylase. For both animals three staining patterns

were observed by the method used (Plate k)m

Firstly there were fibres which showed no staining pattern for

the enzyme phosphorylase, taking up the yellow colour of the iodine only.

Of those fibres which showed the presence of the enzyme some stained deeply

while others stained lightly. In both cases the staining reaction was

'(
generally uniform and diffuse over the fibre cross-section'although in some

fibres the reaction was weaker peripherally. 1

Staining was observed at the intermyofibrillar network;

distinct parallel bundles were seen often cross-hatched to outline the

unstained myofibrils. Cell nuclei were not stained by this method. It

is of note that the unstained fibres were invariably of a comparatively small
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crass-sectional area while the largest fibres tended to be heavily stained.

For the purpose of the study fibres were classified as phosphorylase

'high', 'low' or 'negative' depending on their staining characteristics.

While phosphorylase-negative fibres were easily distinguished there was

often difficulty in separating the 'low' and 'high' fibres where the two

groups converged. Where the intensity of the staining reaction did not

distinguish them the presence (or absence) of areas of fibre stained

yellow by iodine was used as a guideline; fibres showing yellow-stained

areas were regarded as phosphorylase-low.

(iv) Muscle Fibre Outline. The staining pattern with Ehrlich'a

IJaeraatoxylin was observed as a fairly diffuse purple to violet colour which

at higher power appeared to be confined to the IMF network as streak® of

stain. The stain was localised at the mitochondria and cell nuclei and

gave a good indication of cell outline while intimating the mitochondrial

content of the fibre. It was of note that fibres of lesser cross-sectional

area stained more deeply than fibres of greater cross-sectional area (Plat© 8.)

(b) Fibre Type Composition

The histocheoical characteristics of each muscle biopsy were

established relating to the enzymes ATPaee, 3DH and phoaphorylase by the

classifications described above.

The results are as follows -

(i) ATTaae

Fell3 catus: One sample of each muscle was taken from each of

six animals and the findings for the percentage of ATPase-high fibres in

each case are shown in Table 1. Mean values for each muscle are shown

in Table 7.

All the part® of masseter and temporalis muscles had a markedly high

percentage of ATPase-high fibres; indeed in many cases there was no evidence

of ATPase-low fibres.

In both digastric and medial pterygoid muscles the percentage of
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ATPase-high fibres lay between forty and seventy percent while lateral

pterygoid generally had a lower percentage, though not significantly so.

One particular biopsy of lateral pterygoid had only 7.3$ of ATPase-high

fibres but this was an exception; other specimens ranged between 3&»9 and

52&2 percent ATPase-high fibres.

Oiyctolagus cuniculus. Eight animals were used and individual

results are shown in Table 2, while mean values are in Table 8.

Generally results were more uniform in the rabbit though superficial

raaaseter and temporalis muscles had a consistently higher level of ATPase-high

fibres. Digastric, supraorbital ligament and lateral pterygoid muscles

were exceptions to a trend by giving values less than 50# for the level of

ATPase-high fibres.

(ii) SDH

Felia catua: Fibres were classified as 'high' (H) 'intermediate' (I

or 'low* (L) by their staining reaction as described above and the percentage

composition of the biopsy was established accordingly. The results are

shown in Table 3 for individual samples and mean values shown in Table 7.

The muscles masseter and temporalis were consistent in their low

level of SDH-high fibres and high level of SDH-low fibres. Both pterygoids

also presented low levels of SDH-high fibres though the remaining composition

of SDH-low and SDH-intermediate fibres was approximately equal. Digastric

was distinct for its roughly equal composition of each fibre type classified.

It is of note that for each muscle the incidence of SDH-intermediate fibres

was in mean between 30# and 50#

Oryctolagus cuniculus. Fibres were classified as described above

and the results are grouped in Table A with mean values shown in Table 8. -

As with the cat the mean incidence of SDH-intermediate lay between

30# and 50% for each muscle. Further,digastric was again of note for a

comparatively high level of SDH-high fibres. /.
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(iii) Phosphorylase

Felis catust Fibres were classified as 'high' (H) or 'low' (L)

in their staining characteristics for the enzyme phosphorylase or as being

phosphorylase-negative (N) as described earlier. The percentage composition

of such fibres in individual muscles is shown in Table 5 and mean values are

shown in Table 7.

Masseter and temporalis muscles were distinct by an almost uniform

composition of phosphorylase high fibres indeed there were many samples which

contained no phosphorylase-low fibres. The muscles, digastric, medial

pterygoid and lateral pterygoid, while having few negative-staining fibres,

did show a higher incidence of phosphorylase-low fibres.

Oryctolagus cuniculus; Fibres were classified for phosphorylase

content as described earlier and the results of individual specimens shown

in Table 6. Mean values are shown in Table 8.

Digastric muscle was noted for its low level of phosphorylase-high

fibres and a comparatively high level of phosphorylase-negative fibres.

Meanwhile all other muscles showed low though significant levels of

phosphorylase-negative fibres. Further masseter, temporalis and supraorbital

ligament muscles showed significantly higher mean values for the incidence of

phosphorylase-high fibres than both of the pterygoids.

In several samples errors occurred either in the processing or

the incubating of the tissue. Such errors prevented the accurate assessment

of the staining reaction or characteristics and therefore no result was

obtained from those samples.

(c) Histochemical Profiles

By projecting the image of appropriately stained lOjimserial

sections or with the use of photography it was possible to assess the

•histochemical profiles' of muscle fibres, hence building a picture of the

inter-relationship of specific enzymes within individual fibres.

Felis catus: With few muscle biopsies showing the presence of

ATPase-low fibres,results were limited, however as a trend the ATPase-low

characteristic was generally associated with phosphorylase-low fibres and
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SDH-high or intermediate fibres# Such was the case in digastric muscle

and in both medial and lateral pterygoids.

Masseter muscle and temporalis, rich in ATPas-high fibres showed

the trend of ATPase-high fibres associated with phosphorylase-high and

predominantly SDH-low fibres though there was a significant percentage of

SDH-intermediate fibres associated.

ATPase-high characteristics in digastric and the pterygoids were

also associated with SDH-low or intermediate activity and phosphorylase-high

trends though there was significant association of phosphorylase-low fibres.

Table 9 shows the results of this part of the study.

Qryctolagus cuniculus: The ATPase-low characteristic was

generally associated with a 'high' or 'intermediate' SDH reaction and a

'low' or 'negative' level of phosphorylase activity. With the supraorbital

ligament ATPase-low fibres were predominantly associated with a phosphorylase-

negative reaction while there was evidence of phosphorylase-high fibres

associated with them in both heads of masseter muscle.

The ATPase-high characteristic was generally associated with

high levels of phosphorylase although temporalis, digastric, accessory

masseter and lateral pterygoid presented with some regularity the association

of phosphorylase-low fibres.

Low levels of SDH activity were associated with ATPase-high

fibres in general although temporalis presented a significant percentage of

SDH-high fibres. The results are accumulated in Table 10.

Plates 5-8 are high-power photomicrographs illustrating the

'histochemical profile' of a sample of rabbit deep masseter muscle with the

use of a routine stain, the routine ATPase reaotion and methods demonstrating

SDH and pi sphorylase. Other plates show similar relationships for other

muscle samples at lower magnification.

(d) Fibre Diameter

Fibre diameters were assessed from photomicrographs and the results

accumulated to express the frequency of fibres within specific ranges of



51

diameter. Results were thus taken at 2 juua intervals between 20 and 80 jm
■j

though there was some variation with the muscle and between the two animals;

the rabbit was noted for some comparatively broad fibres.

The results of the fibre diameter study are expressed as histograms

in Figures 16 and 17. The number of fibres in the sample is indicated.



so

NO.

10

n

LOn

U

i
SO

Figure I6a
Fibre Diameter Histograms
Felis catus

superficial masseter
( 195 fibres)

ao

NO,

io-

ill
sOt

SO

deep masseter
( 237 fibres)

fJM,

Sta

MO. qj
ji

10

il/ I
L

so
Lnq_

interior temporalis
( 211 fibres)

/JM.

axa h

MO.

•m

J

1

0/
50

central temporalis
( 179 fibres)

p IV!.



ao^

10^

if

IF Ln

50

Figure 16b
Fibre Diameter Histograms
Felis catus

posterior temporalis
( 223 fibres)

PM

2Q-

10-

5Q

digastric
( 197 fibres)

SO

lO-

ru

n j

tJ

50

medial pterygoid
(181 fibres)

SO

10

fl

X
r— r-

5m

lateral pterygoid
( 197 fibres)

' 'M



so

TJ
10

Ln

Ln

Figure I7a
Fibre Diameter Histograms

Oryctolagus cuniculus

superficial masseter
( 210 fibres)

—~i—•—< "~
50

1 —r~

100 Hm

20

10

mn

-Q

lr*
LP-

5Q

deep masseter
( 168 fibres)

TOO f->m

20

10 accessory masseter
{ 165 fibres)

100 A'm

20

10

/
5Q

temporalis
( 185 fibres)

ido



so X

X
10 ■

X
I, !

Figure 17b
Fibre Diameter Histograms

Orydoiagus cunicuius

supraorbital ligament
( 197 fibres )

so IOO |JM.

SO

X
no-

-to.L 1
n

digastricw

( 190 fibres )

so TOO }JM,

SO

-IO-

I
j-u

medial pterygoid
( 188 fibres)

so TOO jJVl

JO- nJ1un
lT1

TO-

—1—
so

lateral pterygoid
(198 fibres)

TOO 3 !Vi.



Feiis
catussuperficialmasseterdeepmasseteranteriortemporaliscentraltemporalisposteriortemporalisdigastricmedialpterygoidlateralpterygoid

ATPase-high
(%)I:

:

:

:

i

50

lOO

SDHase-high
(%)

Figure
18Phosphorylase-high

(%)

—i—50

100

—i—50

—I—100



Oryctolagus
cuniculusATPase-high

(%)

superficialmasseterdeepmasseteraccessorymassetertemporalissupraorbitalligamentdigastricmedialpterygoidlateralpterygoid

~T~50

SDHase-high
(%)

Figure
19Phosphorylase-high

(%)

-I50

100

i5Q

10D



DISCUSSION

CONTENTS Page

1# Initial Comparisons 52

2# The Temporomandibular Joint 5^

3# The Muscles of Mastication 55

(a) General Comparisons
(b) Muscle Line of Action
(c) Terminology

The Experimental Methods 59
(a) The Animals
(b) The Freezing Techniques
(c) The Histochemical Staining Techniques
(d) Fibre Diameter

5. The Histochemical Results. 65
(a) General Observations
(b) Histochemical Profiles
(c) Fibre Diameter
(d) Intermediate Staining Characteristics

6. The Validity of Histochemistry as an Indicator
of Function. 68

7. Fatigueability of Muscle Fibres. 69

8. Comparative Histochemistry and Function. 71

7. Further Study# 7^



52

DISCUSSION

1« Initial Comparisons

Initial comparisons of the gross anatomy of the cat and rabbit are

generally related to their individual life-styles. As such it is important

to consider the specialisation of certain skull features relating to everyday

requirements.

The cat is strictly a flesh-eater and the dentition is suitably adapted;

the canines are enlarged and strengthened for stabbing and biting and the

incisors assist in the grasping of food. The premolars and molars have

evolved as tearing and slicing instruments and have subsequently lost the

function of chewing teeth. The jaws are used in a scissor-like action,

food being torn and cut by the specialised carnassial mechanism to a size

suitable for swallowing. Ho crushing or grinding takes place and the

food is swallowed in large chunks with digestive juices.

Rodents are perhaps the most successful of mammals considering their

wide diversity and relative abundance and they are characterised by their

gnawing and grinding masticatory movements. while not strictly a rodent,

the rabbit has undoubted rodent-like characteristics in life-style and gross

anatomy. The chisel-like incisors, which grow throughout life, are

adapted for gnawing and the molars, which possess regular transverse ridges,

are adapted for grinding. There is no canine tooth and the incisors are

separated from the cheek teeth by a sizeable diastema. Romer (1968) noted

the similarity of rabbits to the true rodents but described a difference

in the small accessory incisors in the upper jaw; hence the use of the name

'duplicidentates' as applied to rabbits and hares.

Both animals possess comparatively large orbital cavities and should

command a vide field of vision.

'Hie most striking comparison between the two animals is in the size

of the temporal fossa. In the cat the fossa is extensive giving origin to

a well-developed temporalis muscle. In the rabbit however the fossa is
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much reduced in size, the muscle taking origin there is small and

the coronoid process at which it inserts is virtually non-existant. The

coronoid of the cat is well-developed.

The pterygoid plate of the cat is poorly developed while the rabbit

has well-developed medial and lateral pterygoid plates.

The mandible of the cat is notably stout and gives the impression

of possessing considerable strength compared with the more delicate rabbit

mandible. The latter is merely a thin plate of bone at the angle and

ramus. The cat presumably requires a strong mandible for the seizing

and holding of prey while the rabbit has lower strength requirements in

masticating vegetable matter.

The condyle of the cat is positioned near the occlusal plane while

that of the rabbit is well above that plane; such a feature is related

to the size of gape of the animal (Scctt & Symons, 1977)#
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2. The Temporomandibular Joint

Felis catua. As figure Ik attempts to describe, the two bony-

parts are strikingly reciprocal which suggests movement in a single plane.

The articular disc is thin, roughly uniform in thickness throughout and

fits neatly to both mandibular and temporal surfaces.

The shape of the joint would tend to preclude the likelihood of

lateral jaw movements and that combined with a rigid fibrous joint capsule

and the limitations imposed by the well-developed canines all indicate

that simple hinge-like movements are the limit of the joint. This feature

was noted by Scott and Symons (1977)# Becht (1953) noted a similar

organisation in the tiger.

Oryctolagus cunicuius. The loose capsular ligament combined with

complex intracapsular surfaces appears to allow a wide range of movements

at the joint. As was noted by Bensley (19^8), the head of the mandible

is extended in the anteroposterior direction presumably complying with

condylar translation in that direction. Hence mandibular protrusion

can occur for occlusion at the incisors.

The cranial component of the joint combines an anterior articular

eminence and a glenoid fossa posteriorly. There is no pcst-glenoid

tubercle or functional homologue allowing further movement of the condyle;

presumably backward displacement of the condyle is limited only by the

fibrous tissues of the capsule.



3. The Muscles of Mastication

(a) General Comparisons

In the cat the temporalis muscle is well developed acting on a stout

coronoid process while masseter is comparatively small. In the rabbit it

is the masseter which is well developed while temporalis muscle and the

supra-orbit&l ligament are comparatively small. The pterygoids of the

cat are poorly developed which is in accord with the lack of distinct

pterygoid plates while in the rabbit the pterygoid muscles are comparatively

large.

Digastric muscle in the rabbit is unicipital taking origin from a

stout tendon while in the cat the muscle is bicipital; the two heads being

separated by a thin tendinous plate.

In general all the muscles are basically 'red' in colour though

there is some variation; at the 'white' end of the range are the rabbit

deep raasseter and supra-orbital ligament while at the 'red' end are the

cat lateral pterygoid and digastric and the rabbit pterygoids and temporalis

muscles.

(b) Muscle Line of Action

In the cat both heads of masseter and temporalis are alined well to

close the jaws with power. Masseter acts directly on the mandible at the

angle and ramus. The fan-shaped temporalis employs a well-developed

coronoid process to good advantage. The condyle is firmly fixed in the

glenoid fossa and limited by anterior and posterior flanges (Scott & Syraons,

1977) thus allowing only simple hinge movements. This posterior flange,

apparently the equivalent to the poet-glenoid tubercle of this study and

the post-glenoid process of Scapina (1976), would appear to provide a bony

prominence assisting in the retention of the condyle under, for example,

contraction of posterior temporalis. This buttress would appear to be

essential in converting the contraction of that muscle to jaw closure.

Masseter bulges outwards and downwards looping to its insertion when the jaws
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are in the closed position; this great bulk of muscle apparently allows

for the wide opening of the jaws as is necessary during the frequent use

of the carnassials. Further this allows the muscle to develop sufficient

tension at such limits. Becht (1953) noted a similar situation in the

tiger. He noted that this muscle was amply supplied by tendon plates

and hence large numbers of comparatively short fibres and thought this

useful in the development of great strength.

In the rabbit the superficial and middle heads of masseter (which

in this study are regarded as one) are alined well to elevate and protrude

the inaudible with force. Further, as Bsnsley (19^8) noted, the anterior

extension of the origin of the muscle enables anterior condylar excursion

without loss of masticatory force. Deep masseter, however, acting backwards

and upwards, is alined to retrude the condyle while elevating the

mandible. The lines of action of both temporalis and the supra-orbital

ligament are roughly parallel to each other, acting backwards and upwards,

and further are alined similarly to the deep raasseter. They should

therefore also be considered as retruders of the mandible as well as

elevators.

The poorly developed pterygoids of the cat are alined to act

principally in a lateral direction and indeed they are essentially parallel

in the occlusal plane. They are therefore alined to protrude and adduct

the condyle within the limits of movement at the joint. Becht (1953)

described the function of the pterygoids in carnivores (where he did not

differentiate medial and lateral heads) as providers of the "... transverse

pressure component ..." necessary for satisfactory scissor action. He

mentioned the 'idle space' between upper and lower molars, which in the

tiger is 5 and the necessity of the pterygoids to close this gap.

The pterygoids are however not alined to close the jaws with any efficiency.

The anatomy of the pterygoid muscles of the cat is essentially in agreement

with the findings of Gill & Grant (1966).
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The well developed pterygoids of the rabbit are by contrast able

to perform a variety of actions due to their apparent strength, alinement

and due to the more flexible joint. Medial pterygoid is alined to elevate

the mandible and protrude while lateral pterygoid is alined to depress and

protrude. Unilateral contraction of either or both pterygoids would

apparently permit lateral jaw movements.

In both animals digastric is alined to depress the mandible and the

muscle is well developed. The line of action is direct? there is no

pulley on the hyoid bone or any part of the viscera of the neck as in man

where there is a more complex range of actions.

In the rabbit the muscle is unicipital while in the cat it is bicipital

separated by a thin tendinous plate. This tendinous plate is probably

more of an evolutionary vestage than a functional adaptation. Both heads

are supplied by the seventh cranial nerve (Scott & Symons, 1977).

Scapina (1976) described the cat digastric as being "... related to

their heritage of predation by adapting for wide, rapid and powerful

opening of the jaws. A wide gape is assisted by the position of the

condyle near the angle so that opening is not impeded by the mandibular angle

pressing on the viscera of the neck (Scott & Symons, 1977)* Scapina (1976)

also noted the extension of the insertion of the muscle as far forward as

the symphysis and proposes that this enables a wide gape comparable to longer

snouted beasts such as Canis. Further it appears that this forward excursion

of the muscle improves the strength of the muscle at maximum gape. He also

noted the case of the clouded leopard which is capable of jaw rotation in

excess of 90°,

Bensley (19**8) described the action of digastric in the rabbit as

a jaw depressor which is aided by a simultaneous forward pull of the lateral

pterygoid.

A general conclusion by Bensley (19^8) was that the more powerful

muscles of the rabbit are alined to raise and protract the mandible and
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these conclusions appear justified. In the cat, the masseter and

temporalis are the principal elevators while the digastric depresses

the mandible.

(c) Terminology

Bensley (19W described in detail the gross anatomy the relevant

regions of the rabbit and this work essentially agrees with him. He did

however use different terminology. He described the internal and external

divisions of masseter (deep/middle and superficial masseter respectively),

temporalis (supra-orbital ligament), superior head of external pterygoid

(ten5>oralis), inferior head of external pterygoid (lateral pterygoid) and

finally internal pterygoid (medial pterygoid)1 the names in brackets were

adopted in this study. Accessory masseter is described though no name

is attached to it.

Becht (1955) describes the deep masseter apparently as zygom&tico-

raandibularis muscle with superficial masseter simply as masseter.

The basis for individual terminology is of no consequence to the

present study.
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k. The Experimental Methods

(a) The Animals

The animals were kept under standard animal house conditions which

included a regular diet and were killed by anaesthetic overdose to minimise

the trauma.

Although there are no previous reports suggesting sex differences

in muscle histochemistry, the present study relied solely on male specimens.

The left side of the head was always used for histochemistry while

the right was reserved for dissection; this was purely routine. Unilateral

variation in histochemical activity could occur with pathological conditions

of the dental or parodontal tissues or of the temporomandibular joint.

RLngqvist (197*0 noted a lower percentage of Type 2 fibres (darkly staining

by myofibrillar ATPase) in patients with deficient dentures and it appears

that oxidative enzyme levels can increase with activity (training) (Barnard

et al, 1970).

All the animals used however were healthy and apparently free of

any disease of the neuromuscular system.

(b) The Freezing Techniques

In preparation for the present study an extensive investigation was

performed on mouse thigh muscle to establish a satisfactory freezing technique.

Biopsy material was frozen in liquid N^ or carbon dioxide as soon as

possible after the death of the animal. Serratrice (1976) used muscle

tissue at up to 36 hours after death and believed there to be no change in

histochemical characteristics in "... at least as long as this after

death •••", while Dubowitz and Brooke (1973) thought there to be loss of

soluble enzymes shortly after a biopsy is taken from the living subject.

The preparatory experiments emphasised the parameters for successful

muscle freezing; (i) the biopsy should be frozen as quickly as possible.

This is aided by small sample size; in the experiments one biopsy dimension

was always kept at 2 mm. maximum. The use of liquid nitrogen (at
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approx. -l60°C) freezes more quickly than CO,, (at -70°C) and Dubowitz

and Brooke (1973) advised its use to prevent artefact. However, the

present study found no concrete evidence to support either method on such

grounds. Further, both methods have been used widely in muscle

histochemistry which also suggests them to be of equal value in the accurate

retention of the histochemical characteristics. Freezing for too long

results in extensive tissue cracking while an insufficient period of freezing

in the coolant results in uneven freezing and cracking of individual fibres.

(ii) The frozen sample should be warmed to -20°C (the sectioning temperature)

as slowly as possible. Hence this was performed in the cryostat environment

(-20°C); warming at room temperature induces excessive tissue artefact.

(iii) Storage of frozen samples or sections should take place in an evacuated

dessicator; moisture appears to induce the cracking of individual fibres.

I n the present study it was found necessary to store tissue overnight and

so 10 sections were stored mounted on coverslips in a dessicator within

the cryostat environment.

Muscle tissue is difficult to freeze without artefact indeed even

with an established, apparently safe technique, those samples which were

processed with complete success were clearly in a minority.

(c) The Histocheaical Staining Techniques

ATBase. The well-established technique introduced by Padykula

and Herman (1955) for the demonstration of the enzyme ATPase was adopted.

This method has been extensively used by researchers ever since as a basic

method suitable for modification to suit the specific aims of the experimenter.

Indeed in no source of reference was any other method used.

Meijer and SLias (1976), in their evaluation of some histochemical

techniques found the myosin ATPase reaction "reliable" in establishing fibre

types by a slight or strong staining reaction and suitable for morphological

studies.

In general the methods require concentration on detail; notably pH,

substrate concentration, buffering and preincubation calcium concentration.
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Succinate Dehydrogenase. The method of demonstrating the

presence of SDH in muscle fibres as originated by Nachlas et al (1957) is

a well established and apparently sound technique for the purposes of the

present study. The localisation of the enzyme at the mitochondria has

been shown in longitudinal sections by Dubowitz and Brooke (1973) though

they believe that certain modifications to the technique are required for

accurate localisation.

Meijer and Elias (1976) believed there to be a certain degree of

leakage of the enzyme during preincubation but they do confirm the

suitability of the technique for morphological studies. Meijer et al

(1977) believed there to be a significant diminishing of SDH activity after

freezing of heart muscle.

Phosphorylase. The method of Takeuchi and Kuriaki (1955) depends

on a reversal of the in vivo system so that polysaccharide chains are

formed by phosphorylase activity from glucose -1- phosphate units.

"The result is not a clear-cut positive or negative reaction ..." (Dubowitz

and Brooke, 1973) and this is well-observed. A distinct yellow (negative)

reaction may be observed (Plated) but it is difficult to differentiate

intermediate levels of activity. The range of phosphorylase activity

is well seen in Plate 7 •

Meijer and Elias (1976) believed that the demonstration of

phosphorylase "... may lead to faulty impressions ..." due to the leakage

of the enzyme during incubation. They also noted that the reaction

depends on the presence of glycogen in the tissues and this point is

established (Close, 1972; Dubowitz and Brooke, 1973)*

Summary. It is believed that the use of these well established

techniques is satisfactory for the purposes of the present study.

(d) Fibre Diameter

The method of Taylor and Calvey (1977) was used throughout the fibre

diameter study. While perhaps being not as accurate as some other methods
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5» The Histochemical Results

(a)General Observations

Consistently high levels of ATPase-high fibres are found in both

heads of masseter and in all parts of temporalis muscle of the cat (Plates 11,

13, l6). Taylor et al (1973) noted similarly high levels in cat masseter

(90%), temporalis (98%) and 'pterygoid' (71%), These results compare

favourably assuming 'pterygoid' to represent medial pterygoid. Bosley et

al (1973) produced similar results but there are no other published data

to compare.

The significantly lower level of ATPase-high fibres in medial pterygoid

muscle (Plate 21), digastric (Plate 19) and especially lateral pterygoid

(Plate 22) is worthy of note; the result for lateral pterygoid may however

be confused by one extreme result, that of 7.3% ATPase-high in one sample

(Plate 25). A mean value of ^5-50% would probably be more realistic.

Moderately high levels of ATPase-high fibres are present in all the

masticatory muscles of the rabbit. As with the cat, few data are available

for comparison, however Schiaffino (197*0 with the use of an acid preincubation

technique noted 57.6 + 12.6% acid-labile (ATPase-high) fibres. This value

is significantly lower than the values obtained in the present study for

either superficial (78.2%) or deep (73«*0 masseter but is comparable to that

for accessory masseter (6^.5%)• Schiaffino did not state which part of

masseter was used.

Low levels of SDH-high fibres is a feature of all the cat masticatory

muscles (Plates l*f, 17) with the exceptions of lateral pterygoid (Plate 23),

which is very rich in the oxidative enzyme, and digastric (Plate 20). The

only comparable study, that of Bosley et al (1973)» differentiates fibres

by SDH activity into only two types; those light staining and those dark

staining. Hence it can only be concluded that both studies observed a

predominance of an SDH-low characteristic.

Schiaffino (197*0 describes the rabbit masseter SDH reaction as
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in general "... moderate to intense ..." which leaves any comparison

difficult. The reaction is undoubtedly stronger than in the cat (with

lateral pterygoid the exception); digastric (Plate 40) and medial pterygoid

(Plate 42) particularly so. However the reaction in deep masseter and

supra-orbital ligament (Plates 31 and 38) would be better described as

weak to moderate. Plates 28 and 34 show the SDH reaction for

superficial and accessorynasseter respectively, presenting a 'moderate'

staining characteristic.

Taylor et al (1973) observed high levels of glycogen in masseter,

temporalis and 'pterygoid' of the cat in relation to the ATPase-high fibres

and this is in accord with the present study. The muscles masseter and

temporalis (Plates 12, 15, 18) are very rich in phosphorylase, moderately

high levels are associated with digastric and medial pterygoid while lateral

pterygoid is low in the enzyme (Plate 24).

There are no data on related phosphorylase levels in the rabbit

however moderately high levels exist in masseter and temporalis muscles

(Plates 29, 32, 35« 37)» and in the pterygoids to a lesser extent (Plate 45)

while digastric is weak in the enzyme (Plate 4l).

(b) Histochemical Profiles

Plates 5-8 show serial sections of rabbit deep masseter muscle

stained for ATPase, SDH and phosphorylase and stained with Ehrlich's

Haematoxylin. It can clearly be seen that ATPase-high fibres also stain

strongly for phosphorylase. Such fibres areSDH-low or -intermediate and

stain with Ehrich's Haematoxylin in moderate intensity. Conversely, ATPase-

low fibres stain weakly for phosphorylase, show an SDH-high or -intermediate

form and. stain heavily by the routine stain. The bulk of the remaining

plates were taken from serial sections of muscle similarly stained and the

relationship described is well observed. The reciprocal relationship

of phosphorylase and the oxidative enzymes in mammalian muscle has long

been recognised.

However the present study shows that the relationship is perhaps not
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so simple (Tables 9 and 10). While there are no recorded cases of fibres

with combined phosphorylase-negative and oBH-low characteristics there are

significant numbers of phosphorylase-high and SDH-high fibres. Notable

examples are cat deep masseter and digastric while temporalis' and

superficial masseter had less than significant levels. Plates 1*+A5

(anterior temporalis) and 23/2*+ (cat lateral pterygoid) show further examples.

Fibres rich in both phosphorylase and SDH have already been noted

in rabbit, ret, cat, dog and horse diaphragm muscle (Davis & Gunn, 1972)

and they further noted some unusually strong SDH staining in ATPase-high

fibres. Such unusual histocheraical profiles are probably the result of

an adaptation by the muscles to meet functional demands.

(c) Fibre Diameter

As a general but consistent observation those fibres staining strongly

for ATPase and phosphorylase are of a larger calibre than those staining

weakly for those enzymes. Similarly large fibres are SDH-low while

small fibres are SDH-high. Further the localisation of Ehrlich's

Haematoxylin at the mitochondria stains up the small diameter fibres more

darkly than the larger diameter fibres (Plates 5-8). These correlations

are both widely reported and accepted.

Figures 16 and 17 show histograms of fibre diameter against fibre

composition for each muscle of the cat and rabbit respectively. In the

cat fibre diameter is consistent varying between 20 and 50 pm with exceptions

in superficial masseter end central temporalis which have a larger calibre

and lateral pterygoid which are significantly smaller Variations between

the individual parts of masseter and temporalis would not be expected from

histochemical considerations and certainly a greater abundance of large

diameter fibres might have been expected compared with digastric and medial

pterygoid muscles. The results for lateral pterygoid are consistent with

the enzyme characteristics.

The values recorded are somewhat lower than those of 3osley et al (1973)
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where ATPase-high fibres had a mean diameter of 63.6 jim (masseter),
75*7 /im (pterygoid) and 71.2 Jim (temporalis). ATPase-low fibres measured

between 39 and 'f'f jum in diameter. The results of Taylor et al (1973)
are more comparable and masseter is depicted as having the largest fibres

with pterygoid the smallest of the three. They measured fibre diameter

according to fibre type.

In general fibres in the rabbit are comparatively larger ranging

between 20 jjim and 90 jura. Supra-orbital ligament (Plate 10) is notable
for two distinct fibre diameter groupings, one at 15-25 JMJ the other at

60-70 pm. Deep masseter presents a similar picture which is consistant
with the 'white' appearance of the muscle and its histochemical features.

From histochemical considerations, the abundance of large diameter

fibres in supra-orbital ligament and all three heads of masseter is to be

expected while a maximum diameter of about 60 pm is noted for digastric,

temporalis and the pterygoids.

Owing to the variation in fibre diameter in relation to muscle

fibre type, the ruilidity of muscle fibre diameter as a parameter for the

estimation of muscle function is to be questioned. Further it is not

known whether bite force is related to the size of muscle fibres (Ringqvist,

197*0.

(d) Intermediate Staining Characteristics

An intermediate staining pattern has been observed by Ringqvist (1973)

in the myofibrillar ATPase reaction of sections of human aasseter and

temporalis muscles. Further, by certain acid preincubation techniques,

fibres of an intermediate staining characteristic have been noted by

numerous authors (Guth & Samaha, 1969; Serratrice et al, 1976 and Schiaffino,

197*0.

In the rabbit lateral pterygoid (PLate *+3) three forms of ATPase

activity are noted suggesting a correlation with the three forms noted

by Schiaffino (197*+) in the rabbit masseter. Similar forms were also



noted in the rabbit digastric but not in any other muscle,which is not

surprising since he required an acid preincubation technique to show the

intermediate forms.

As has previously been discussed there are thought to be only two

fibre types by speed of contractility and therefore there must be some

distinct reason for such variation. Guth & Yellin (1971) and Ringqvist

(1973) agree that there is continual alteration in muscle cells throughout

life and postulate that the intermediate staining reaction is due to an

alteration in muscular function. This is perhaps due to the nerve

influencing gene expression (Guth & Samaha, 1969).

Taylor, Bosley St Cody (1973) noted that the staining of myosin

ATPase was much denser in cat gastrocnemius than in nasseter while masseter

was a faster muscle. They speculated on the biochemical variation of

ATPases.

Schiaffino (197*0 thought there to be intrinsic differences in the

myosin molecules to explain his findings in rabbit raasseter.
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6. The Validity of Histochemistry as an Indicator of Function

While histochemistry is of undoubted value in the delineation of

fibre types and in the diagnosis of certain pathological conditions, a

direct correlation between histochemistry and function has yet to be defined.

\ The reaction which demonstrates myofibrillar ATPase gives an

indication of the speed of contraction of individual fibres (Davis & Gunn,

1972? Guth & Yellin, 1971 and Schiafinno, 197*0 and this has been shown to

be an accurate assessment by combined histocheraical and physiological

techniques (Taylor & Calvey, 1977)* Indeed Davis & Gunn (1972) thought

the activity of myosin ATPase to be "... directly proportional to the

intrinsic speed of shortening of normal muscles ..." and Taylor & Calvey,

(1977) that the proportion of B fibres (slow speed, fatigue resistant) to A

and C fibres (fast fibres) governs the overall functional characteristics

of mammalian muscles.

Davis & Gunn (1972) believed the histocheraical reactions for SDH and

phosphorylase to indicate a respective capacity for aerobic and anaerobic

respiration while there was a lack of direct proof and Barnard et al (1970)

noted a correlation between mitochondrial enzymes and aerobic capacity also.

Close (1972) also correlated histochemical properties with function

and it is likely that the overall contractile characteristics of a muscle

are governed by the proportions of each fibre type within that muscle

(Taylor & Calvey, 1977).

While it is well established that myofibrillar ATPase gives a good

indication of the speed of contraction of a muscle, the relationship of SDH

and phosphorylase to function is far from clear. To draw functional

interpretations from morphological characteristics is unwise (Serratrice, 1976)

especially when staining patterns and intensities vary so much between species

and even between related muscles.

Hence it is probably wise to describe the situation cautiously as

Schiaffino (197*0 * SDH activity correlates with a resistance to fatigue

while phosphorylase activity correlates with a capacity of the muscle for

anaeorbic respiration.
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7. Fatigueability of Muscle Fibres

Studies on the ability of certain muscles to resist fatigue have

lent much to the understanding of muscle function. Edstrom & Kugelberg

(1968) found histochemical composition to compare with fatigue resistance.

They noted that tension in A fibres (fast twitch white) declined to zero

in 90-10096 of cases after 1800 contractions at a stimulus frequency of

10 per second. C fibre units (slow speed red) showed no fatigue after

such work and B units were intermediate.

They believed their A units to be unable to produce tonic contractions

in the maintenance of posture while the C unit were suitably adapted for

this function. A units were thought to be useful for intermittent phasic

activity.

Barnard et al (1970) noted a significant increase in the percentage

of red fibres in trained muscle but no difference in the proportion of

ATPase-high fibres and the contractile properties were unaltered.

Taylor et al (1973) found fatigue to be in two phases: an initial

rapid fall of one type of motor unit followed by a slow fall of some others.

This suggests strongly the early depletion of fast contracting glycolytic

fibres with the remaining tonic fibres which resist fatigue maintaining the

muscle action. It is generally accepted that muscles, which depend on

glycolysis for their energy supply, fatigue more rapidly than those muscles

which depend on oxidation.

Suzuki (1977) thought a capacity for glycolysis to reflect adaptation

for powerful or sudden activity for biting or gnawing.

To conclude it appears that muscle fibres have a speed of

contractility which is dependent on the levels of myosin ATPase within that

fibre; there are fast or slow fibres within any muscle. Fast-contracting

fibres exist with glycolytic and oxidative enzyme levels developed for either

phasic activity (high glycolytic; low oxidative) or more prolonged high-speed

activity (moderate glycolytic; moderate oxidative).
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Slow-contracting fibres have poorly developed glycolytic and well

developed oxidative enzyme levels and are probably well adapted for sustained

tonic activity suitable in the maintenance of posture. These are the

'economic' fibres of Close (1972).

The Motor Unit

It is now believed that the fibres within any given motor unit are

of a uniform histochemical type (Dubowitz & 3rooke, 1973; Edstrom 6 Kugelberg,

1968, and Close, 1972) and that such units are recruited in an orderly manner,

"... progressively larger units are recruited as the voluntary force level

is increased ..." (Yemm, 1977).

3y the glycogen depletion experiments of Edstrom £. Kugelberg (1963)

it sppears that the contractile and metabolic characteristics of muscle

fibres are neurone regulated. Further studies (Guth & Samaha, 1969) have

shown that cross-innervation alters the contraction velocity and that the

nerve regulates the type of enzyme found in the muscle fibre.

It is of note that while there exist at least three types of fibre

histocheraically there are only two types of unit found by speed of

contractile response in any muscle (Close, 1972).
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8. Comparative Histochemistry and Function

Cow and sheep masseter muscle has a high percentage of ATPase-low

fibres in comparison with the guinea-pig and rat where masseter consists

of a high percentage of ATPase-high fibres (Schiaffino, 197*0 like the

cat (Taylor et al, 1973)• The masseter of main (Ringqvist, 1973) and

rabbit (Schiaffino 197*+) also have a comparatively high percentage of

ATPase-high fibres.

Suzuki (1977) performed a histocheraical comparison of the masseter

of numerous species and using data on the rate of chewing of individual

species was able to postulate functional relationships. For example,

he believed the masseter of the swine, dog, guinea-pig and rat to be well

adapted for powerful or sudden activity as in gnawing or biting and this

was reflected well in the high activity of alkali-stabile ATPase and high

glycolytic capacity. A similar histocheraical profile was regarded by

Ringqvist (197*0 as being designed for powerful biting efforts in human

masseter muscle.

Suzuki further noted the case of cattle and sheep, which ruminate for

long periods each day; there were high levels of ATPase-low fibres and SDH-

rich fibres and a great capacity of lipid metabolism rather than glycolysis.

Such muscle is well adapted for slow, long-term exercise as in rumination.

An interesting study of Rigqvist (197*0 on the histocheraical

characteristics of temporalis muscle in denture wearers outlined a further

feature. It was noted that the percentage of Type 2 (fast contracting,

high glycolytic) fibres decreased by a significant amount in those persons

with dentures and there was a fibre size decrease in Type 2 fibres in those

patients who considered their dentures to be deficient. She suggested

that this was due to an altered functional demand and further that it is

the Type 1 fibre which is normally used in mastication. Type 2 fibres

would be reserved for situations where greater bite force was required and

units of such fibres would then be recruited appropriately. It is widely



accepted that the forces used in mastication under normal circumstances

are far below the maximum.

Serratrice (1976) compared the three parts of the human masseter and

noted a striking inequality in fibre size in the superficial head while

the middle and deep heads were composed of fibres of comparable diameter.

He concluded that this morphological difference could reflect a functional

difference.

The high percentage of ATPase-high and phosphorylase-high fibres in

the cat masseter and temporalis muscles reflects the adaptation of those

muscles for strong, intermittent activity as in the biting and tearing

of flesh.

The pterygoids of the cat are poorly developed muscles yet lateral

pterygoid exhibits an SDH-rich characteristic and is probably a comparatively

slow-contracting muscle. The apparent adaptation of both pterygoids for

long-term activity indicates that they perhaps have greater functional

significance than their small bulk suggests in the control of lateral jaw

movements.

Digastric has a moderately high percentage of ATPase-high and

phosphorylase-high fibres and is SDH-rich suggesting that it is capable of

fast, powerful yet fatigue-resistant activity. To speculate, digastric
A "

may play some role in the control of jaw posture in the cat. As described

by Scapina (1976) the digastric is an important muscle in carnivores where

forceful depression may be required to release the mandibular teeth from

food or when the animal strikes at its prey. This however is not a long-

term activity; the digastric, from this SDH-rich characteristic, is obviously

a muscle of great importance in some other less obvious way.

All the muscles of mastication of the rabbit have a comparatively high

percentage of ATPase-high fibres and all but digastric are substantially

rich in phosphorylase. As in the cat, the digastric is SDH-rich and

therefore must play a considerable role in mastication with sustained activity.



From anatomical considerations deep masseter, temporalis and supra¬

orbital ligament are not alined for combined protrusive/elevatory movements',

those actions being performed by the superficial and accessory masseters

and medial pterygoids. There is little difference histochemically

between these muscles with the exception of medial pterygoid; they all

appear to be fast contracting with a fairly full glycolytic capacity and

moderate SDH activity suggesting some resistance to fatigue. The

masseter as a whole compares favourably with that of the guinea-pig (Suzuki,

1977).

The pterygoids are rich in SDH and probably exert continual fine

movements in controlling the anteroposterior position of the condyle in

the joint. As proposed by Wilkinson (1977), the lateral pterygoid exists

in a prime mover/antagonist complex controlling the position of the condyle

in the joint and by reciprocal innervation regulates transarticular pressures.

In the case of the rabbit the antagonist muscles, which have moderate SDH

activity are temporalis and supra-orbital ligament.

Serratrice et al (1976) believed the human masseter to play an

important r&le in mastication by phasic activity and also in posture control.

He noted the possible role of the gamma system in controlling the spindles

in those muscles and speculated on the function of Type I fibres in muscle

tone with the jaw at rest and Type II fibres in the complex phasic activity

of masseter during mastication. Goldberg (1976) meanwhile has taken

electromyographic recordings from masseter muscle showing that it is tonically

active in the rest position. It appears that such units contribute to

the maintenance of the rest position against the force of gravity. These

must be slow-contracting fatigue-resistant units.
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9. Further Study

The validity of the data produced by the present study, particularly

regarding the 'fibre diameter' and 'histochemical profile' sections, is

limited by the number of animals used and within that parameter by the

cross-sectional area covered by individual specimens. As can be seen in

Plate 26, where a complete cross-section of cat lateral pterygoid is

presented, wide variation in staining characteristic occurs across the span

of the muscle. All these factors may lead to error. It may be of

value to perform a more comprehensive repeat of the histochemical study.

It would be of great interest to expand the present study using

human or primate tissue, though the limitations on the availability of such

tissue is recognised.

The combination of morphological and physiological studies to compare

histochemical results with electromyographical data from each of the muscles

of mastication would be of further interest.
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CONCLUSIONS

1. The findings of the "Anatomical Study" are in general in agreement

with previous authors and show that, as would be expected, these animals

are well-adapted for their individual life-styles. The masticatory

mechanism of the cat is suitably designed for grasping and biting at the

incisors and canines and for slicing in a scissor-like action at the

carnassials. The rigid joint capsule permits little movement outwith

a simple hinge action. The joint of the rabbit is flexible allowing a

wide range of movement to facilitate gnawing at the incisors and grinding

at the cheek teeth.

2. From the "Histochemical Study" it appears that mammalian muscle

contains predetermined levels of fast and slow fibres and within such limits

variation occurs in the biochemical make-up of the myosin ATPase. Further,

the oxidative and glycolytic enzymes in question exist in proportion specific

to the functional demand of the individual fibre and to the muscle as a

whole. It appears quite feasible that such levels are continually

altering.

3. The study regards ATPase to be a good indicator of speed of contractility

of muscle as is generally held by other authors. SDH activity correlates

well with a resistance to fatigue while phosphorylase activity indicates

a capacity for anaerobic respiration in muscle fibres.

k. All parts of cat masseter and temporalis muscle have a high percentage

of combined ATPase-high and phosphorylase-high fibres. Those muscles are

SDH-poor. Such enzyme levels correlate with fast, strong, intermittent

activity. The pterygoids of the cat exhibit a comparatively low percentage

of ATPase-high fibres while they are comparatively SDH-rich, especially the

lateral pterygoid. These enzyme characteristics correlate with comparatively

slow yet persistent activity and the pterygoids are thought to have greater

functional significance than their comparatively small size suggests.

5. All the muscles of mastication of the rabbit have a fairly high percentage
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of ATPase-high fibres and all but digastric are rich in phosphorylaee and

moderate to low in SBB (though significantly richer than in the cat). Such

enzyme characteristics correlate with fast, strong activity while the

significant SDH composition may suggest a certain resistance to fatigue during

sustained activity. >

6. In both animals the digastric muscle has a high SDH content and a

comparatively low phosphorylase content which correlates with fatigue-

resistant tonic activity. It is thought that the role of the digastric is

more complex them is evident from anatomical considerations.

7. In general ATPase-high fibres show a rich phosphorylase profile and

low to moderate SDH activity. ATPase-low fibres exhibit low to negative

phosphorylase activity and tend to be SDII-high or -intermediate. Combined

ATPase-high, phosphorylase-high and SDH-high profiles were recorded however.

8. Fibre diameter correlates with some hietocheaical characteristics but

it is regarded as being of doubtful value in the understanding of function.

9. The histochemical techniques adopted in the present study are regarded

as being satisfactory for the purposes of the investigation despite doubts

cast by some authors.

10. Both liquid nitrogen and carbon dioxide provide satisfactory freezing

of muscle tissue despite the findings of some past researchers. Satisfactory

storage of 10jm frozen sections is possible in an evacuated dessicator

at -20°C for at least 48 hours.

11. From both morphological and histochomical considerations there is

evidence for a prime mover/antagonist relationship in the rabbit which controls

the anteroposterior position of the condyle in the tempororaandibular joint.
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Felis
catus

TABLE
1

Adenosine
Triphosphatase
:

Number
of

ATPase-high
fibres

expressed
as
%

total.

Animal
No.

1

2

3

4

5

6

Mean

superficialmasseter

NR

NR

94.6

87.6

90.4

98.6

92.9

deepmasseter

NR

98.8

97.6

92.5

100

100

97.8

anteriortemporalis
NR

99.4

100

100

100

o
o
1—1

99.8

centraltemporalis
NR

NR

100

98,7

100

100

99.4

posteriortemporalis
NR

NR

100

99,5

100

100

99.7

digastric

50.9

59.0

70.8

59.5

61.7

68.5

61.8

medialpterygoid

49.5

41.3

66.0

65.5

53.8

61.5

56.3

lateral
nf

or\/nniH

NR

47.8

7.3

38.9

52.2

49.3

39.2

NR
-

No

satisfactory
result
from
biopsy
:

Sample
size

-

150-350
fibres



Oryctolagus
cuniculus

TABLE
2

Adenosine

Triphosphatase:
Number
of

ATPase-high
fibres

expressed
as
%

total

Animal
No.

1

2

3

4

5

6

7

8

Mean

superficialmasseter
NR

NR

82.3

NR

91.6

85.2

67.8

63.5

78.2

deepmasseter
NR

NR

85.3

NR

86.4

73.9

61.7

60.0

73.4

accessorymasseter
NR

69.3

NR

66.8

58.1

51.8

NR

77.0

64.5

temporalis
NR

CO
i—'
•

CTN

75.5

78.8

90.3

72.7

69.3

68.8

76.8

supraorbitalligament
80.5
75.6

NR

55.9

62.5

59.4

46.0

63.4

63.3

digastric
NR

58.7

NR

56.2

75.9

67.8

45.3

49.4

58.8

medialpterygoid
NR

65.8

NR

82.7

56.7

50.5

59.3

62.5

62.9

laterafpterygoid
NR

45.7

NR

80.7

54.5

67.8

47.7

57.9

59.0

NR
-

No

satisfactory
result
from
biopsy
:

Sample
size

-

150-350
fibres



Felis
catus

TABLE
3a

Succinate

Dehydrogenase:
Number
of

SDH-high
(H),

-intermediated)
and

-low(L)
fibres

expressed
as
%

total

Animal
No.

1

2

3

4

5

6

Mean

H

superficial
{

masseter
^

7.9

13.9

4.7

NR

NR

36.3

NR

435̂

16.5

55.8

42.6

78.8

8.832.159.1

u

deep

j

masseter
^

5.5

12.2

11.5

NR

NR

45.0

35.7

33.5

14.5

49.5

52.1

55.1

85.5

7.332.260.5

anterior
^

temporaliŝ

7.2

NR

NR

39.8

34,5

47.8

24.0

60.2

58.3

52,2

76.0

1.836.661.6

central
^

temporalis
L

7.5

6.2

10.2

NR

NR

29.6

NR

42.5

22.1

62.9

51.3

67.7

7.931.460.7

NR
-

No

satisfactory
result
from
biopsy
:

Sample
size

-

150-350
fibres



Felis
catus

TABLE
3b

Succinate

Dehydrogenase
contd.

Mean

posterior
^

temporalis
^

5.9

5.6

10.0

NR

NR

30.8

NR

41.5

27.1

63.3

52.9

62.9

7.233.159.7

H

digastric
1L

34.5

31.1

23.0

35.0

32.3

38.2

47.5

NR

39.6

25.2

21.2

27.3

21.3

37.4

39.8

46.5

31.234.534.3

medial
^

pterygoid
L

6.0

9.6

NR

NR

NR

NR

63.5

20.2

30.5

70.2

7.841.850.4

lateral
^

pterygoid
L

46.7

47.1

56.2

36.0

NR

NR

43.2

46.6

42.2

34.8

10.1

6.5

1.6

29.2

11.846.541.7

NR
-

No

satisfactory
result
from
biopsy
:

Sample
size
-

150-350
fibres



Cryctolagus
cuniculus

TABLE
4a

Succinate

Dehydrogenase:
Number
of

SDH-high
(H),

-intermediated)
and

-fow(L)
fibres

expressed
as
%

total

Animal
No.

1

2

3

4

5

6

7

8

Mean

superficialmasseter
H1

L

NR

NR

28.633.637.8

34.324.940,8

20.831.647,6

23.633.443.0

NR

20.149.730.2

25.534.739.8

deepmasseter
H1L

20,432.946.7

32,019.448.6

NR

19.032.548.5

17.835.147.1

17.423.958.7

12.925.361,8

18.442.639.0

19.730.250.1

accessorymasseter
HiL

NR

NR

NR

24.549.925.6

11.855.332.9

12.3<44.743.0

18.757.224.1

14.748.237.1

16.450.932.7

temporalis
H1L

NsR

31.945,722.4

NR

32.448,818.8

21.841,836.4

38.846.714.5

28.034.237.8

25.838.935.3

28.942.727.5

NR
-

No

satisfactory
result
from
biopsy
:

Sample
size
-

150-350
fibres



Oryctoiagus
cuniculus

TABLE
4b

Succinate

Dehydrogenase
contd.

supraorbitalligamentlateralpterygoid
NR

-

No

satisfactory
result
from
biopsy
:

Sample
size

-

150-350
fibres



Felis
catus

TABLE
5a

Phosphoryiase
;

Number
of

phosphorylase-high
(H),

-Sow
(L)

and

-negative
(N)

fibres

expressed
as
%

totai

Animal
No.

1

2

3

4

5

6

Mean

superficialmasseter
HLN

NR

NR

98.21.8

NR

89.810.2

92.87,2

93.66.4

deepmasseter
HLN

NR

NR

100

86.113.9

100

91.57.11.4

94.65.00.4

anteriortemporalis
HLN

NR

NR

84.815.2

78.521.5

100

99.01.0

87.412.6

centraltemporalis
HLN

NR

NR

100

100

100

100

100

NR
-

No

result
from

biopsy
:

Sample
size
-

150-350
fibres



Felis
catus

TABLE
5b

Phosphorylase
contd.

Mean

posterior
^

temporalis
N

100

100

100

99.0

NR

NR

-

-

-

0.60.4

99.8-0.1-0.1

H

digastric
LN

74.8

56.7

85.0

NR

NR

11.5

NR

35.0

12.6

13.7

8.3

2.4

72.219.78.1

medial
^

pterygoid
N

40.5

50.0

89.0

NR

NR

NR

58.2

42.5

10.3

1.3

7.5

0.7

59.936.93.2

lateral
^

pterygoid
N

25.3

58.2

41.8

NR

NR

70.2

NR

40.5

55.5

4.5

1.3

2.7

41.755.52.8

NR
-

No

satisfactory
result
from
biopsy
:

Sample
size

-

150-350
fibres



Oryctolagus
cuniculus

TABLE
6a

Phosphoryiase
:

Number
of

phosphoryiase-high
(H),

-iow(L)
and

-negative
(N)

fibres

expressed
as
%

total

Animai
No.

1

2

3

4

R

6

7

8

Mean

superficialmasseter
HLN

NR

NR

69.623,66.8

56.034.69.4

63.836.2

69.826.83.4

NR

76.023.80.2

67.029.04.0

deepmasseter
HLN

81.518.5

NR

NR

67.429.53.1

76.621.51.9

63.021.715.3

20.136.143.8

87.512.5

66.023.310.7

accessorymasseter
HLN

NR

NR

NR

67.522.110.4

54.044.51.5

60.826.912.3

41.650.28.2

81.118.9

61,032.56.5

temporalis
HLN

NR

47,750.12.2

NR

56.027.916.1

53.842.93.3

62.326.99.8

NR

72.522.45.1

38.734.07.3

NR
-

No

satisfactory
result
from
biopsy
:

Sample
size
-

150-350
fibres



Oryctolagus
cuniculus

TABLE
6b

Phosphorylase
contd.

Mean

supraorbitalligament
HLN

NR

NR

55.838.65.6

63.722.413.9

52.826.420.8

54.123.022.9

43.752.63.7

82.517.5

58.730.111.2

digastric
HLN

21.443.035.6

19.659.121.3

NR

17.151.531.4

18.452.728.9

16,937.445.7

NR

22.948.728,4

19.448.73L9

media!pterygoid
HLN

NR

NR

49.434.116.5

46.840.312.9

NR

35.352.911.8

NR

58.030.811.2

47,339.613.1

lateralpterygoid
HLN

NR

NR

NR

48.938.612.5

46.539.613.9

45.225.829.0

47.643.49,0

52.034.913.1

47.836,715.5

NR
-

No

satisfactory
result
from
biopsy
:

Sample
size
-

150-350
fibres



Fefis
catus

Mean

Values

TABLE
7

ATPase-high
SDH

Phosphorylase

specimens
(sp.)

sp

H

i

L

sp

H

L

N

superficialmasseter
4

92.9

3

8.8

32.1

59.1

3

93.6

6.4

-

deepmasseter
5

97.8

4

7.3

32.2

60.5

4

94.6

5.0

0.4

centraltemporalis
4

99.4

3

7.9

31.4

60.7

4

100

-

-

anteriortemporalis
5

99.8

4

1.8

36.6

61.6

4

87.4

12.6

-

1

posteriortemporalis
4

99.7

3

7.2

33.1

59.7

4

99.8

-0.1

-0.1

digastric
6

61.8

6

31.2

34.3

34.5

3

72.2

19.7

8.1

medialpterygoid
6

56.3

2

7.8

41.8

50.4

3

59.9

36.9

3.2

lateralpterygoid
5

39.2

4

46.5

41.7

11.8

3

41.7

55.5

2.8



Oryd
tolagus

cuniculus
ATP

ase-high

SDH

Mean

Values

TABLE
Phosphoryiase

8

specimens
(sp)

SP

H

i

L

sp

H

L

N

superficialmasseter
5

78.2

5

25.3

34,7

39.8

5

67.0

29.0

4.0

deepmasseter
5

73.4

7

19.7

30.2

50.1

6

66.0

23.3

10.7

accessorymasseter
5

64.3

5

16.4

50.9

32.7

5

61.0

32.5

6.5

temporalis
7

76.8

6

29.8

42.7

27.5

5

58.7

34.0

7.3

supraorbitalligament
7

63.3

6

24.6

32.4

43.0

6

58.7

30.1

11.2

digastric
6

58.8

7

51.0

38.0

11.0

6

19.4

48.7

31.9

media!pterygoid
6

62.8

4

34.8

40.9

24,3

4

47.3

39.6

13.1

lateralpterygoid
6

59.0

5

33.9

43.2

22.9

5

47.8

36.7

15.5



TABLE 9a

Histochemicai Profiles ( figures as % total ) - Felis catus

ATPase-high ATPase-iow

superficial masseter ( 113 fibres)

SDH SDH

H I L. H I l_

H 3^3 $€-9 H So

Phos. L
N -

"

Phos.L
M

1-8

3(o 3 S€-% 5"-£+- 6-k

deep masseter (96 fibres)

SDH
H I L.

SDH
H I L~

H

—■
, ,

II-5" 3V3 56-2 loo H

" "1

» —- "i

Phos. L
w

— —
- "

Phos.L
rsJ

-

US' 3V3 5ST-2 ! 00 —

anterior temporalis (134 fibres)

H

SDH
t t_

SDH
1 u

Phos.

H

L.

w

I-S" ZUr'<0

0-2 n~]

2-1 dik-- t>°-sr 100

Phos.

H

central temporalis (59 fibres)

SDH
H , j_

H 5? 3i • 3 Ia24 I0O

L _

Phos.
N - -

S-S 2>i-S fc.a-4- 100

SDH
H I

Phos

H

L

M



TABLE 9b

Histochemical Profiles ( figures as % total ) - Felis catus

ATPase-high ATPase-low

posterior temporalis (91 fibres)

SDH SDH
H 1 i_ H • L

H 4- i IOO H

L

Phos.
r̂vf

~~

— L

Phos. „
-

Ub 3) 9 <03 8 100 —

digastric (56 fibres)

SDH SDH
H 1 L H I L_

H - 1on ii-7 3os H 101 q 0 19 7

Phos. L
(Vi ;

'•* H+-3 ibl
Phos. L

tv

12 3

2c-

143 -

5-4

as 3^-0 30-4- ^32 - 5bS

medial pterygoid (134 fibres)

SDH SDH
H • i_ H l u

H - 20 x soo H - -
-

Phos. L
rsj

"
—
t

000

1

0rO

1

3 8
Phos. L

iSi

30

3 0

3S"-8

SS -

322

is

Z3-2_ 3o-fc> S3? CO Uo 2 - 4-b -2

lateral pterygoid (132 fibres)

SDH SDH
H 1 u H 1 L_

H l-\ n-3 (0-2 J2fc> ■ C> H
—

L

Phos. ^
n-3 IM "37

on

37-9
o-7

L

Phos..r<>!
Z.o-4-

3 1

9-q -

1-4- -

303

4-2

2.0-Ly- ? 9 • (32 2L 23 -C !!■<+ - 3C--8



TABLE 10a

Histochemica! Profiles ( figures as % total ) - Oryctolagus
cuniculus

ATPase-high ATPsse-low

superficial masseter (60 fibres)

SDH SDH
H 1 H 1 L

H - 11-1 7T0 TC ■
H l-U To 13

Phos. L 3-2_ TO 1 • (<? 100
Phos. L

(M

ITO 100 ~~ 0

3-2- 1^1 io'\o • (c 13-7 /T- 0 (• 33 3

deep masseter (51 fibres)

H

SDH
I L. H

SDH
! L.

Phos.

H

L

M

ZTS 37 2 b2-7 M

—1

T? 7?

s-q 3-q q s L /T-7 ~ i7-(o
*

Phos.
_ - rsj SO 20

2>i-4 4i-i 72 T (7-b 7? 2q?

accessory masseter (53 fibres)

H

temporalis

H

Phos.

H

L

JM

SDH
I L

H 70-fa 33-3 S3 q

L. Zs ■ 4 - 2S"4
Phos. „ _

-

- -o 33 3 -7Y-4

Phos.

H

L

M

(84 fibres)

SDH
• L_

- 22- b M-7 5fo 0

l3o 14-2. 1-2

1-2. -
- 1-2.

I'+TL 3io7 3U-T SS7

Phos.

H

rvs

SDH
I L.

7T 9T -

(• b

170
1 • C?

II -1 77 - ZO-b

SDH
H 1 L

-

Tq - IM--2.

?■<+ sq - |b- 2_



TABLE 10b

Histochemical Profiles ( figures as % total ) - Oryctolagus
cum cuius

ATPase-high

supraorbital ligament (69 fibres)

SDH
H i L.

Phos

digastric

H 1-lf SO-3 S~2-2

L S" 8 10 -1

r\j \< - 1-3"

ioVO (c.1 3

Phos.

H

L

l\J

(171 fibres)

SDH
H

Phos. L

H

r .... .ir..,

4-7 ii-1 i(o-4-

L Z-<\ Z4-0 1-8 28-7

M 1-8 C-3> - 1

4-7 3s-0 13-5 S1>Z

Phos.

H

L

M

medial pterygoid (86 fibres)

H

SDH
i i_

H Z4-4- -21-0 4-s-4-

Phos. L S-b l-o 23 l2?

«\i 1- ! 1 • 1

4-b 31-4- 23-3 5~7-3

Phos.

H

L

FM

ATPase-low

SDH
H 1 L-

4-3 -£"•£ - 10 1

14- 5" S" S - 20 3

is-s n- 3o 4-

SDH
H 1 l_

ii-2_ i£"-s o<r 27-b

S-7 io-s - 17-2.

11-7 2<o-i+ o-r 4-b-S

SDH
H I U

n-q- £-2 - 2.Z-C

I2B 2 2 |S~- !

30 2 10 3 - 4-0-7

lateral pterygoid (84 fibres)

H
SDH

1 L. H
SDH

1 L

H 11 21-4 n-g 4-02" H -

-

Phos.
„

7-3. to-7 4-7 22-4
Phos. L Ilo' *o

15"- 4=

3-7 -

1- \

Zo3
| to (0

£4- 2.2-2 22-C 0 3 1 "52-2 4-7 - 3(o-7



Plate 1 x 360

Cat Medial Pterygoid ATPase

P late 2 x680

Rabbit Supraorbital Ligament ATPase



PLATES 1 & 2

Muscle fibres stained to show the ATPase-high ( 1 ) and
ATPase-low ( 2 ) characteristics.

Note the difference in staining reaction between the cat
and the rabbit ATPase-low fibres.

PLATE 3

Rabbit digastric muscle stained to show the three distinctive

patterns of SDH activity; SDH-high (1 ), -intermediate ( 2 )
and -low ( 3 ) fibres.

PLATE 4

The three typical patterns of Phosphorylase activity;
Phosphorylase-high (1 ), -low ( 2 ) and -negative ( 3 ).



Plate 3 x680

Rabbit Digastric SDH

Plate 4 x680

Rabbit Digastric Phosphorylase



"J

Plate 5 x700

Rabbit Deep Masseter ATPase

P late 6 x700

Rabbit Deep Masseter SDH



PLATES 5 - 8

Serial sections of rabbit deep masseter showing the histochemicai

profile of a typical ATPase-high fibre(l) and a typical ATPase-
low fibre ( 2 ).

ATPase-high fibres tend to be rich in phosphorylase and weak
in SDH while ATPase-low fibres tend to be weak in phosphorylase
and SDH-rich. The latter group also tend to be mitochondria-rich.



Plate 7 x700

Rabbit Deep Masseter Phosphorylase

Plate 8 x700

Rabbit Deep Masseter E.H.



Plate 9 x700

ATPase with Formalin Preincubation

Plate 10 x260

Rabbit Supraorbital Ligament E.H.



PLATE 9

Following preincubation in formalin, the staining pattern
shows a breakdown of the myofibrillar ATPase reaction; the

staining is localised at the intermyofibrillar network.

PLATE 10

Marked dissimilarity of fibre size is observed in the rabbit
supra-orbital ligament ( cf. Figure 17b )-. there is a lack cf
' intermediate' sized fibres. Note also that this mitochondrial

stain shows the relative density of the mitochondria in those
fibres.

PLATES 11 & 12

Serial sections of cat deep masseter showing the intebse ATPase
and phosphorylase activity. -



Plate 11 x320

Cat Deep Masseter ATPase

Plate 12 x320

Cat Deep Masseter Phosphorylase



Plate 13

x320



PLATES 13 - 15

Serial sections of cat anterior temporalis showing intense
ATPase (13 ) and phosphorylase ( 15 ) activity while the SDH

activity is weak (14 ).

PLATES 16-18

Serial sections of cat central temporalis showing intense
ATPase (16) and phosphorylase ( 18) activity and weak SDH

activity(17) while one fibre( arrowed) is rich in all three

enzymes.



Plate 16

x320

Plate 18

x320



PLATES 19 & 20

Sections of cat digastric muscie showing the typical 'mixed' ATPase
reaction of fast and slow fibres.

The SDH reaction is very weii developed.



Plate 19 x300

Cat Digastric ATPase

Plate 20 x320

Cat Digastric SDH



Plate 21 x280

Cat Medial Pterygoid ATPase

Plate 22 x400

Cat Lateral Pterygoid ATPase ( serial )



PLATE 21

The typical mixture of fast and slow muscle fibres in the
cat media! pterygoid as shown by ATPase activity.
Note the muscle spindles in the lower left corner.

PLATES 22-24

Serial sections of cat lateral pterygoid showing the mixture
of ATPase-high and -low fibres ( 22 ), the very rich SDH

pattern (24) and the moderate to weak phosphorylase reaction.
These photographs show well the histochemical 'profiles', as

arrowed.



P late 23 x400

Cat Lateral Pterygoid Phosphorylase (serial I

Plate 24 x400

Cat Lateral Pterygoid SDH ( serial )



Plate 25

Cat Lateral Pterygoid ATPase

x360

V .T '• '■
« IV ♦' < v-'^4 v/iW ' 1 V r *'• "\" 5L% , ' A- i/ ' " -i.!r * K A/J11 4» " >J i - 'A ' ; '

v *'♦ >'♦ i
, » i, X t A * , .

Plate 26 x!12

Cat Lateral Pterygoid ATPase ( complete cross-section )



PLATE 25

An abnormally low percentage of ATPase-high fibres in the
cat lateral pterygoid.

PLATE 26

The small size of the lateral pterygoid in the cat allows a

complete cross-section to be cut and processed. Seen well is
the variation in fibre-type across the muscle which could be
the cause of error in small fields.

PLATES 27-29

Serial sections of the rabbit superficial masseter showing
moderate SDH activity ( 28) and rich phosphorylase activity
( 29). Good resolution of the ATPase staining pattern is not

possible at this magnification. Examples of 'profiles' are

picked out by arrows.



Plate 28

x280

Plate 29

x280



Plate 30

x280

Plate 31

x280



PLATES 30 - 32

Serial sections of rabbit deep masseter showing a somewhat
weaker SDH reaction ( 31 ) and a rich phosphoryiase reaction
( 32). ATPase reactivity can be distinguished in some fibres
( 30) and good examples of 'profiles' are picked out by
arrows.

PLATES 33 - 33

Serial sections of rabbit accessory masseter showing a

moderate to weak SDH reaction ( 34) and a rich phosphoryiase
reaction ( 35 ). Good resolution of the ATPase reaction has

not been possible ( 33), Examples of 'profiles' have been

picked out by arrows.



Plate 34

x280

Plate 35

x280



Plate 36 x300

Rabbit Temporalis SDH (serial)

Plate 37 x300

Rabbit Temporalis Phosphorylase ( serial)



PLATES 36 & 37

Serial sections of the rabbit temporalis showing the moderate
SDH reaction ( 36) for comparison with the rich phosphoryiase
reaction ( 37 ).

PLATE 38

The rabbit supra-orbital ligament shows a moderate to low
SDH reaction and the small-calibre SDH-rich fibres can be

easily distinguished from the large-calibre SDH-weak fibres.

PLATE 39

A very significant proportion of ATPase-low fibres is present
in the rabbit digastric muscle, and some of these are arrowed.



Plate 38 x320

Rabbit Supraorbital Ligament SDH

Plate 39 x4G0

Rabbit Digastric ATPase



PLATES 40 & 41

As can be seen the rabbit digastric muscle is very rich
in SDH ( 40) while it has moderate to weak phosphoryiase

activity ( 41). Certain 'profiles' have been picked out by
arrows. Note the presence of large numbers of negative-
staining fibres in Plate 41.



Plate 40 x280

Rabbit Digastric SDH ( serial )

Plate 41 x280

Rabbit Digastric Phosphorylase ( serial)



P late 42 x320

Rabbit Medial Pterygoid SDH

Plate 43 x360

Rabbit Lateral Pterygoid ATPase (serial)



PLATE 42

The comparative strength of the SDH reaction in the rabbit
media! pterygoid can be seen in this plate, similar to the
lateral pterygoid (^44). It is however weaker than in the

digastric (40).

PLATES 43-45

Serial sections of the rabbit lateral pterygoid showing a rich
SDH reaction ( 44) and a moderate to rich phosphoryiase
reaction ( 45 ). Fibre-type differentiation in the ATPase reaction
is difficult due to the apparent presence of three different

staining characters.

X*



Plate 44 x360

Rabbit Lateral Pterygoid SDH ( serial)

Plate 43 x360

Rabbit Lateral Pterygoid Phosphorylase ( serial)
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