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Ultrastructural Study of Uromastyx aegyptia Skeletal Muscles
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ABSTRACT. The present study was concerned with the ultrastructure of the
mandibular externus of the jaw and the tail skeletal muscles of U. aegyptia.
Results obtained revealed differences in general morphology between the
two muscles. The sarcoplasmic reticulum, T-system, and large deposits of
glycogen granules, were encountered in the jaw muscle. However, the SR
are not well developed. In contrast, indistinct glycogen granules, sarcoplas-
mic reticulum and T-system are the main features of the tail muscles.

Furthermore, the jaw muscle demonstrated a typical sarcomere with
parallel striation but no indication of M-tine. Results showed that although
the properties and details of the fine structure of the two muscles studied
varied, the fundamental structure was typical vertebrate skeletal muscle.
Experiments on physiological and biochemical aspects should be obtained
to arrive to a final conclusion about the type of muscle.

Introduction

The muscle fibers in different animals are by no means all identical in structure and
function, even though they appear to generate force by the same basic mechanism.
Huddart(!l reported that despite the variability of fiber diameter and arrangement of
fibers within the muscle, the basic myofibrillar machinery is almost surprising un-
iform, particularly in the case of length of thecontractile subcompenents. The study
of Goldspink and Wardi? showed that the vertebrate skeletal muscles are not com-
posed of a homogeneous population of fibers. The above authors stated that the
skeletal muscles in different animals or in different parts of the same animal are
specialized for particular functionsB4l. o ]
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From the physiological point of view, vertebrate skeletal muscles can be divided
into two types, phasic (fast, twitch) and tonic (slow) fibers!4l. Histological and his-
tochemical studies have made it possible to distinguish three broad categories of
skeletal muscles, oxidative, glycolytic and oxidative/glycolytic591,

Detailed ultrastructural studies of vertebrate muscles!!-116! and insect flight mus-
clel'”l have revealed the principal features of fast and slow acting muscle. For exam-
ple, in the garter snake segmental muscle, Hess!'2 found that the twitch fibers (fast)
have abundant sarcoplasmic reticulum (SR), regular T-tubules (T-system) order
triads in the A-band margins and focal innervation. On the other hand, the slow fib-
ers have little SR, the T-system is totally absent and innervation is multiterminal.

The present study was undertaken to determine the general pattern of fine struc-
ture of the jaw and tail skeletal muscles of the lizard Uromastyx aegyptia, assuming
the jaw to be phasic (fast) and the tail to be tonic (slow).

Material and Methods

The muscles used in this investigation were (i) the adductor mandibular externus
of the jaw, and (ii) tail muscles of Uromastyx aegyptia. They were dissected and pre-
fixed in 4% glutaraldehyde in cacodylate buffer at pH 7.3 for two hours at room
temperature. Subsequently, pieces of muscle were rinsed in the cacodylate buffer
and post-fixed in 2% buffered osmium tetroxide for two hours. Sections were cut by
LKB ultramicrotome, stained in 2% ethanolic uranyl acetate, then by lead citratel18]
and viewed by JEOL 100 cx EM.

Thick sections (0.5-1.5 w) were stained for light microscopy by 1% toluidine blue
for 1 minute.

Results and Discussion

Examination of light and TEM micrographs of transverse sections of the adductor
mandibular externus muscle of Uromastyx aegyptia showed that the shape and size of
each individual fiber and myofibrillar profiles vary considerably (Fig. 1). Collagen
fibrils, blood vessels and nerves were encountered in the endomysium in contact with
the muscle fibers (Fig. 2).

The sarcolemma which surrounds each muscle fiber consists of a typical cell mem-
brane (plasmalemma) and a layer of amorphoeus material of moderate electron de-
nsity (external lamina) to which a little reticular connective tissue is adherent (Fig.
2,3). Pinocytotic vesicles are clearly shown at the plasmalemma (Fig. 3). Nuclei lie in
a medial interfibrillar position, as clearly shown in Fig. 4. This arrangement repre-
sents the normal position of these nuclei in almost all muscle cells examined. It has
been reported that the position of nuclei in most fast acting muscle is at the penphery
close to the cell membranel®9],
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Fio. 1. A photomicrograph of a transverse section through jaw muscle of Uromasivs aegypiio; stained
with mludine blue, Note the different profiles of muscle fibers (F). * ()

In longitudinal sections (Fig. 5,6) the myofibrils are usually in almost perfect paral-
lel register as demonstrated by the relatively straight rows of z-lines. The sarcomere
exhibits the band patterns typical of striated skeletal muscle. Similar results have
been reported in various skeletal musclel'>'%172%_ There is a light H-band inthe mid-
dle of the A-band, within which one can observe no indication of the M-line. The lat-
ter is thought to represent the cross-link between the myosin filaments in the center
of the A-bandl'..

Mitochondria are few in the jaw muscle fibers (Fig. 7.8). They are very small but
with clearly defined outer and inner membranes and contained electron dense bodies
and cristae in different profiles in a moderately electron-dense matrix (Fig. 3). Some
of the mitochondria are rod-like and localized near the Z-line (Fig. 3). The profiles of
the majority of mitochondria range from circular to oval (Fig. 7,8). The very low
number of mitochondria in these muscles suggests that the energy needed for con-
traction is mostly derived from the glycolytic pathway rather than the oxidative phos-
phorylation pathwayst?471.

The longitudinal section of the muscle fibers demonstrated large deposits of glyco-
gen (Fig. 3,5,7), which are localized in the I-band (Fig. 3.5) as well as between the
myofibrils (Fig. 5,7,8). In addition, small glycogen granules can be observed within
the myofibrils and large amounts of glycogen are situated in close contact 1o the outer
mitochondrial membrane is also present (Fig. 3,7).



Fi6. 2. A longitudinal section of U. aegyptia jaw muscle showing a part of myofibrils (MF) which is sur-
rounded by a typical cell membrane and a layer of amorphous material of moderate electron de-
nsity. El: external lamina; co: collagen fibrils; Nb; Nerve bundle; N: nucleus; E: endothelium; be:
blood erythrocyte, TS: T-system; Z: Z-line. » X 14850
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FIG. 3. Longitudinal section of U. aegyptia jaw muscle showing the sarcolemma (S), external lamina (El),
and pinocytotic vesicle (pv). Note the position of T-systems (TS), mitochondrion (M) surrounded
by glycogen granules (gl); A: A-band; Z: Z-line. X 36800
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FiG. 6. A longitudinal section of U. aegyptia jaw muscle showing that the myofibrils are in almost perfect
register as demonstrated by the straight rows of Z-line (Z). Note the position of T-system (encir-
cled areas). - ‘ x 15180
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Sarcoplasmic reticulum can be seen as small vesicles between the myofibrils (Fig.
2,5,7), but they are not well developed. The sarcoplasmic reticulum is known to be
the site of release and accumulation of Ca2* which is involved in the initiation of mus-
cle contraction and relaxation(?!-22], The T-system was clearly seen in the region of A/
I bands (Fig. 3,6,7). The association between T-system and sarcoplasmic reticulum
in the form of triads or dyads is believed to be the pathway of depolarization conduc-
tion from the T-system to the cell membrane. The depolarization of the cell mem-
brane leads to Ca?* discharge from the sarcoplasmic reticulum, which initiates con-
traction by the contractile protein(!22-26l. The association between sarcoplasmic re-
ticulum and T-system in U. aegyptia jaw muscles is characterised by an electron-
opaque material found within the T-system (Fig. 7,8). This suggests that the elec-
tron-opaque material found within the T-system may reflect yet unknown func-
tions!!6:27], The paucity of sarcoplasmic reticulum in the muscle often leads to incom-
plete separation of adjacent myofibrils. This situation is in great contrast to that of
fast acting musclel!-12), However, it is possible that the sarcoplasmic reticulum in U.
aegyptia jaw muscle was masked by the large amount of glycogen granules, which ac-
cumulate in the space between the myofibrils.

In the tail muscle of U. aegyptia, the myofibrils are farther apart (Fig. 9). In con-
trast to the almost perfect register described for the myofibril arrangement in the jaw
muscle, the tail myofibrils have a wavy appearance (Fig. 9,10). The interlacing mus-
cle fibers of the tail run in different directions, longitudinally, transversely and ob-
liquely (Fig. 11). This arrangement is believed to give maximal mobility and physical
control of the tail. In longitudinal section (Fig. 9,10), one can observe the typical pat-
tern of skeletal muscle with clearly defined M-lines and Z-lines. The latter show no
parallel register as described for the jaw muscle.

Mitochondria were also few and lay between myofibrils without any special erder
relative to the striated patternin the tail muscles (Fig. 9,11). In addition, the tail mus-
cle showed indistinct glycogen granules, T-system and sarcoplasmic reticulum (Fig.
12).

From the results discussed above, on the basis of the fine structure of the two mus-
cle types considered in this study, it is very difficult to assign to the commonly known
muscle divisions, fast and slow acting muscles. Characteristics of various muscle
types have been reported!(!-1? (see also the introduction). According to the different
fine structure described, one can suggest that the two muscles subserve different
functions in the animal. Schiaffino ez al.[28] studied the relation between structure and
function in rat skeletal muscle. They suggested that the structure of rat muscle fibers
is an expression of two main functional parameters, speed of contraction and resis-
tance to fatigue. Due to the structural needs of different muscle functions, the above
authors concluded that the classification of rat muscle, and skeletal muscle in gen-
eral, should be integrated into a more complex multiple system which takes into ac-
count the interaction of several variables. It is worth mentioning that Penny and
Goldspinkl?! reported that energy of activation calculated for a range of tempera-



F1G.9. Alongitudinal section through muscle fiber of U. aegyptia tail. Note that the myonbrils are further
apart but showing no perfect parallel register. M-line is clearly seen (arrow head). MF: myofibrils;
Z: Z-line; M; mitochondria; N: Nucleus; Ne: Nucleolus. X 13300
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tures indicated that the contractile apparatus of the related species U. microlepis is
designed to work at a relatively high physiological temperature.

To reach a final conclusion about the type of muscle studied in the present investi-
gation, further histochemical and biochemical research on the muscles is needed to
supplement the ultrastructural research reported here.
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