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Masticatory muscle masses of murids
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Abstract Masticatory muscle masses (i e, the masseter, temporalis, internal pterygoid, and ex-
ternal pterygoid muscles) were compared between two murid subfamilies, transversely chewing
Cricetinae (Old World hamsters : Mesocricetus, Tscherskia, Cricetulus, and Phodopus) and anteri-
orly chewing Murinae (Rats and mice : Rattus and Apodemus). Regression lines obtained from
the plots of muscle weight versus cranial size indicate that cricetine murids have larger tempo-
ralis and internal pterygoid muscles than murine species with the same cranial size. Among the
muscles examined, the temporalis grows at the highest rate in both subfamilies. The present
findings suggest that a posterior shift of the hemimandible on the non-chewing side, associated
with transverse food processing, requires a stronger backward pull of the temporalis than con-
trol of the forward chewfng movement.
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INTRODUCTION

Murid rodent includes the species that chew
with a transverse jaw movement and with a for-
ward jaw movement'™®. These food processing pat-
terns have little correlation with phylogeny or die-
tary habit”. Transverse chewing seems to be basic

for murids, as it is common among mammals®™

and
rodents with a primitive cuspal arrangement of
cheek teeth (e. g, hamsters and squirrels)"***™. The
forward chewing pattern appears multiple times
through parallel evolution within rodents®™**®®,

There is currently no hypothesis proposed for the

evolutional advantage of this unique type of chewing.

Jaw-moving apparatuses might reflect the chew-
ing direction. Assessment of the masticatory muscle

masses might provide a clue to the advantage of for-
ward food processing. These muscle weights, how-
ever, are closely related to dietary habit and body
size, as well as jaw movement. Although quantita-
tive data of the jaw muscles are available for several

1% species with similar dietary habits

murid species
and different chewing patterns have not been com-
pared. In addition, the influence of body size on mus-
cle mass has not been sufficiently evaluated.

In the present study the relation between the
masticatory muscle mass and cranial size was com-
pared in two granivorous murid subfamilies, Criceti-
nae (transverse-chewing group) and Murinae

(forward-chewing group).

MATERIALS AND METHODS

The following species were used for the analy-
sis; Subfamily Cricetinae, Mesocricetus auratus (n=
7)., Tscherskia triton (n=8), Phodopus sungorus (n=
8), and Cricetulus griseus (n==8) ; Subfamily Murinae,
Rattus norvegicus (n=36), and Apodemus speciosus
(n=39). The cadavers of cricetine species were do-
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nated by the Research Center for Frontier Bi-

oscience, Bio-resource Division, Department of

Biotechnology, Miyazaki University. Samples of
murine murids were caught in Kyoto, Japan from
1993 to 1995. The heads of the specimens were pre-
served in 10% formaldehyde fluid for 1 month after
decapitation and removal of skin. The masticatory

muscles (Fig. 1) on the right side were then de-
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Fig 1. Masticatory muscles in a cricetine murid,

Mesocricetus auratus.

tached from the cranial bone and kept in an incuba-
tor at 40C. After 10 days incubation dry muscle
masses were measured.

Body parts of an organism usually develop ac-
cording to the following allometric formula® :

Y=hbXa
thus mY=alnX+Inb

‘where Y is the size of the body part, X is a pa-
rameter indicating the size of the whole organism (e.
g., cranial length, body length, or weight), and a and
b are allometric growth constants. In the present

study, regression lines were obtained from scatter
plots of the muscle mass (Y) versus the cranial
length (X), each of which was transformed using the
natural log. Cranial length was defined as the dis-
tance from the most anterior point of the upper inci-
sor to the ventral notch of the magnum foramen.
The differences in the regression lines between the
two groups were tested using analysis of covariance
(ANCOVA). Furthermore, the slope of the regression
line (i. e, the allometric growth constant a) was com-
pared among the muscles for each subfamily, and
statistical significance was examined by Tukey’s
multiple comparison.

RESULTS

The regression line and values of its slope and
y-intercept are shown in Figure 2 and Table 1, re-
spectively. The masses of all muscles examined have
a strong positive correlation with cranial size (r>
0.895). There is no significant difference between
groups in the slope of the regression line for any
muscle. On the other hand, the y-intercept for the
temporalis and internal pterygoid muscles is larger
in cricetine murids than in murine murids. These
findings indicate that these muscles of cricetine
murids are more developed than those of murine

species with the same cranial size. There is no sig-
nificant difference between the two subfamilies in
the masseter and external pterygoid muscles.

Among the masticatory muscles, the slope of
the regression line is largest for the temporalis and
smallest for the external pterygoid for both subfami-
lies (Table 2). These findings suggest that the ratio
of the temporalis to the whole masticatory muscle
becomes higher as body size increases. There is no
significant difference between the masseter and in-
ternal pterygoid muscles.

DISCUSSION

In rodents, the orbit and temporal fossa are not
separated from each other by a septum. The eyeball
limits the size of the temporalis, as they share a
common space laterally bordered by the zygomatic
arch. For example, certain rodents that inhabit the
desert (e. g, pedetid, dipodid, and heteromyid spe-
cies) have enormous eyeballs as an adaptation for

27)

nocturnal foraging™. Their temporales are rudimen-

tary and occupy less than 5% of the whole mastica-

tory muscle mass'®®™”. In general, the relative size
of a sense organ, including the eyeball, is inversely
proportional to body size. This phenomenon is

“ Thus, the increase in

known as von Haller’s law
body size makes proportionally more space available
for the temporalis. The present analysis reveals that
the temporalis grows more rapidly than the other
masticatory muscles in both of cricetine and murine

murids. A similar developmental pattern is also re-
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Fig 2. Plots of cranial length (X) versus muscle mass (Y), each of which is transformed using natural log, with

regression line,

Table 1. Slope and'y—intercept of regression line, correlation coefficient (r), and statistical difference of y-
intercept between two groups (Cr, Cricetinae ; Mu, Murinae ; *Significantly different at p<0.01) for

each masticatory muscle.

Cricetinae Murinae Difference of
(transversely chewing group) (forward chewing group) y-intercept
slope y-intercept r slope y-intercept r
Masseter 3.417 -7.157 0.963 2.999 -5.784 0.956 Cr=Mu
Temporalis 4.346 -10.643 0.970 4.029 -10.261 0.981 Cr> Mu*
Internal pterygoid 3.267 -8.307 0.970 3.065 -7.949 0.966 Cr> Mu*
External pteryQoid 2.649 -7.197 0.895 2.328 -6.001 0.911 Cr=Mu

Table 2. Comparison of slopes of regression line among masticatory muscles (Cricetinae / Murinae). Upper right,
difference in each combination of the muscle ; lower left, level of sigfnficance.

Masseter Temporalis Internal pterygoid External pterygoid
Masseter == o~ M<T/M<T M=IP/M=IP EP<M/EP<M
Temporalis * /% ememnnen IP<T/IP<T EP<T/EP<T
Internal pterygoid ns/ns * /% —————— EP<IP/EP<IP
External pferygoid * /% * /% * %k /% ——

EP, external pterygoid ; IP, internal ptergoid ;

* p<0.01; ** p<0.05; ns, not significant.

M, masseter ; T, temporalis.




208

Cricetinae

Murinae

Fig 3. Role of temporalis during chewing in Cricetinae and
Murinae. Ma (white arrow), anteriorly directed force,
which can be produced by masseter, internal ptery-
goid, and external pterygoid muscles ; Mp (black ar-
row), posteriorly directed force by temporalis.-
Length of Mp, relative to that of Ma, indicates mag-
nitude required for jaw movement.

ported in another murid subfamily, Arvicolinae®.
Therefore, the high growth rate of the temporalis is
common among murids, and indirectly reflects allo-
metry of the visual organ.

The transverse food processing pattern of a
cricetine species Mesocricetus auratus is created by

a horizontal mandibular rotation (Fig. 3, left). At this’

time the mandibular condyles on the chewing and
non-chewing sides have opposite directions of move-
ment”. The forward shift of the chewing side results
from activities of the masseter, internal pterygoid,
and external pterygoid muscles. For the non-
chewing side, the posterior horizontal fibers of the
temporalis are important for producing backward
jaw movement. On this side, however, the deep
layer of the masseter, quite developed part in murid

19~25)

rodents” ™, applies a powerful forward pull to the
hemimandible”. Thus, the posterior part of the tem-
poralis needs to be massive to overcome the force of
the masseter (Fig. 3, left).

On the other hand, the temporalis of murine
murids seems less important than that of cricetines
in terms of chewing function. In a murine species
Rattus norvegicus, the masticatory muscles sym-
metrically contract and both mandibular condyles

slide nearly along a sagittal line*™® (Fig. 3, right).

This propalinal jaw shift is produced by the mas-
seter, internal pterygoid, and external pterygoid
muscles. The temporalis, however, does not act to
move the jaw in a chewing direction, but rather acts
to control the movement® (Fig. 3 : right). The pre-
sent finding on the temporalis weight of the two
groups strongly supports the above prediction.

The main role of the internal pterygoid muscle
in rodents is to create a medial shift of the hemiman-
dible during molar occlusion® and to. prevent large
tensile strain on the flexible mandibular symphysis
due to masseter contraction®™. The difference in the
mass of this muscle between cricetine and murine
murids, however, is difficult to interpret in terms of
chewing function. In sciurid rodents, which masti-
cate in the same way as cricetine murids, the inter-
nal pterygoid muscle is larger than in murine
murids relative to the whole masticatory muscle®.
Further functional analysis is required to clarify why
the large internal pterygoid muscle is required for
transverse chewing.
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