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Abstract

A general analysis of the behaviour of “Cebus” shows that when this primate moves position to feed or perform
another activity, it presents different ways of locomotion. This information shows that the brachial biceps muscle of
this animal is frequently used in their locomotion activities, but it should also be remembered that this muscle is also
used for other development activities like hiding, searching for objects, searching out in the woods, and digging in
the soil. Considering the above, it was decided to research the histoenzimologic characteristics of the brachial biceps
muscle to observe whether it is better adpted to postural or phasic function. To that end, samples were taken from the
superficial and deep regions, the inserts proximal (medial and lateral) and distal brachial biceps six capuchin monkeys
male and adult, which were subjected to the reactions of m-ATPase, NADH-Tr. Based on the results of these reactions
fibres were classified as in Fast Twitch Glycolitic (FG), Fast Twitch Oxidative Glycolitic (FOG) and Slow Twitc
(SO). In general, the results, considering the muscle as a whole, show a trend of frequency FOG> FG> SO. The data
on the frequency were studied on three superficial regions FOG=FG>SO; the deep regions of the inserts proximal
FOG=FG=SO0 and inserting the distal FOG>FG=SO. In conclusion, the biceps brachii of the capuchin monkey is well
adapted for both postural and phasic activities.
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Perfil histoquimico das fibras do musculo biceps braquial do
macaco-prego (Cebus apella, Linnaeus, 1758)

Resumo

Uma analise geral do comportamento do “Cebus apella” mostra que este primata quando desloca para se alimentar
ou realizar outra atividade apresenta diferentes maneiras de locomogdo. Estas informag¢des mostram que o musculo
biceps braquial deste animal ¢ usado freqlientemente nas suas atividades de locomogdo, mas deve ser lembrado ainda
que este musculo ¢ usado também para desenvolvimento de outras atividades como esconder-se, procurar objetos,
vasculhar arboredos, além de cavar o chao. Considerando-se o exposto acima decidiu-se pesquisar as caracteristicas
histoenzimologicas do musculo biceps braquial do macaco-prego com o objetivo de comparar se este miisculo esta
melhor adaptado para fungdes posturais ou fasicas. As amostras foram retiradas das regides superficiais e profundas;
inser¢des proximais (medial e lateral) e distal de seis macacos-prego machos e adultos, os quais foram submetidos as
reagdes de m-ATPase, NADH-Tr. Baseado nos resultados das reacdes, as fibras foram classificadas em Fast Twitch
Glycolitic (FG), Fast Twitch Oxidative Glycolitic (FOG) e Slow Twitch (SO). Quanto a area dos diferentes tipos de
fibras, os resultados encontrados foram semelhantes em todas as amostras estudadas, e as fibras de contragio rapida
foram sempre maiores do que as de contragdo lenta (FG=FOG>SO0). Os dados obtidos sobre a frequéncia foram: nas
trés regides superficiais estudadas FOG=FG>SO; nas regides profundas das inser¢des proximais FOG=FG=SO ¢ na
inser¢do distal FOG>FG=S0. Baseado nestes dados pode-se concluir que o musculo biceps braquial do macaco-prego
esta bem adaptado tanto para atividades posturais como fasicas.

Palavras-chave: musculo biceps braquial, histoenzimologia, tipos de fibras musculares, macaco-prego, primatas.
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1. Introduction

The use of primates in biomedical research has
increased very rapidly (De Oliveira, 1988). This interest
has steadily grown due to their anatomic, biochemical and
behavioural similarities to human beings. In some cases
another advantage that can be added to the above is the
fact that they have reduced physical size, which provides
inexpensive maintenance and ease in handling (Coimbra-
Filho et al., 1976). They have been used to study the motor
control mechanism of the movements of the upper limbs,
for instance elbow flexion and extension (Evarts, 1982).

The locomotion of non-human primates presents a
different evolution from that of other quadrupeds (Schmitt
and Lemelin, 2002). The most remarkable events in this
evolution were the development of the erect position of
the trunk of these animals and the structural reorganisation
of the scapular waist, which allowed these animals to
climb, hang on branches and engage in ways of hominid
locomotion in some atelinae monkeys of the New World
(Schmidt and Schilling, 2007). Between these two events,
the latter became mostly responsible for the increased
mobility of the forelimbs of these animals (Miller, 1932;
Erikson, 1963; Oxnard, 1963; Ashton and Oxnard, 1964,
Rose, 1973, 1989; Corruccini and Ciochon, 1976; Jenkins
Junior et al., 1978; Schon Ybarra and Schon 111, 1987,
Isler, 2005).

Besides the anatomical structural modifications that
occurred in the shoulder region of the primates, it is
important to remember that functional alterations also
took place in some muscles of this region. They changed
from stabilisers to mobilisers, which may be observed
microscopically, both in the architecture of the muscle
fibres and in the composition of the different types of
muscle fibres (Schmidt and Schilling, 2007).

Several studies in mammals have investigated the
relationship between the locomotor behaviour and the
composition of the fibre type of the muscles of the members.
For instance, the slow loris and the sloth have muscles
formed only by fibres of slow contraction speed, but which
are resistant to fatigue (Sickles and Pinkstaff, 1981a;
Kimura et al., 1987). In contrast, small species with the
ability for fast movement have a high proportion of fibres of
fast contraction speed in most of their muscles (Ariano et al.,
1973; Sickles and Pinkstaff, 1981a; Jouffroy et al., 2003).
Studies in primates have shown that the population of the
fibre type in the muscle varies according to the predominant
way of locomotion of each species (Ariano et al., 1973;
Plaghki et al., 1981; Sickles and Pinkstaff, 1981a, b;
Moriyama, 1983; Anapol and Jungers, 1986; Petter and
Jouftroy, 1993; Jouffroy et al., 1999).

A general analysis of the behaviour of the Cebus apella
shows that when they move to feed, this species walks
upright as quadrupeds or jumps, 40% and 22% of the
time, respectively. This species also presents other ways
of locomotion such as running, climbing trees or branches
and jumping from branch to branch or tree to tree. When
the animals of this species travel their movements are the

178

same, but the period of time through which they keep doing
these movements changes (Wright, 2007).

The biceps brachii muscle of the capuchin monkey
is frequently used in its activities of locomotion, but it is
important to remember that these animals are agile and
perform other activities such as hiding, looking for food,
searching in the woods and digging in the soil, activities
in which the biceps brachii is also used.

Taking the latter into consideration, it was decided to
study the histoenzymologic characteristics of the biceps
brachii muscle of the capuchin monkey in order to observe
whether it is better adapted to postural or phasic functions.

2. Material and Methods

Six adult capuchin monkeys, from the Breeding
Centre of Capuchin Monkeys at the State University
“Julio de Mesquita Filho” (UNESP) — Aragatuba Campus,
were anesthetised by intraperitoneal injection of sodium
thiopental, using a dose of 30 mg/Kg of body weight, for
the collection of samples from superficial and deep regions,
at the proximal (lateral - LP and medial - MP heads) and
distal (D) insertions of the biceps brachii muscle. This study
was approved by the Ethics Committee of the University
of the Sacred Heart.

The samples were frozen with liquid nitrogen and
then stored in a cylinder containing liquid nitrogen until
the moment they were subjected to the histochemical
treatment (Werneck, 1981).

Several sections, 12 pum thick, were obtained from the
muscle samples using a Leica cryostat — Model CM 1850.

The sections were stained with Hematoxilin and Eosin
(Behmer et al., 1976) to assess quality of freezing material,
and then subjected to the reactions of m-ATPase, as well as
to alkaline (pH 10.75) and acid pre-incubation (pHs 4.35
and 4.55) (Padykula and Herman, 1955; Brooke and Kaiser,
1970); and Nicotinamide Adenine Tetrazolium Reductase
(NADH-Tr) (Pearse, 1968; Dubowitz and Brooke, 1973).

The images of the blades were captured through
a photomicroscope Olympus BX 50, connected to a
microcomputer Pentium III with an Image Analysing
System, Image Model Pro-version 4.1.

Through the images of the same field of reactions
of m-ATPases and NADH-Tr, 100 fibres of each insert
studied were classified in Fast Twitch Glycolitic (FQG),
Fast Twitch Glycolitic Oxidative (FOG) and Slow Twitc
(SO) (Peter et al., 1972).

Following the classification, the fibres were quantified
and their areas were calculated using the image analysing
system previously mentioned.

ANOVA, for repeated measures in a criterion, and
Tukey’s Test were used in calculating the percentage of the
area in cross-section and the frequency of each fibre type,
for the comparison among the fibre types in each portion
and depth and among the portions in each fibre type and
depth. The paired t-test was used for the comparison among
the depths in each fibre type and portion.
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Regarding the fibre area, the comparison among the
fibre type and the portions and depths were performed
through ANOVA, for measures repeated to three criteria,
and Tukey’s Test. In all these tests the significance level
adopted was 5% (p<0.05).

The tests were executed utilising the Statistic program
for Windows v. 5.1 (Stat Soft Inc., USA).

3. Results

The results of the histochemical reactions presented
by the samples collected at the different parts of the biceps
brachii muscle of the capuchin monkey were similar.
These results are presented in Table 1, and they may be
also observed in Figure 1.

The data regarding the frequency and area of the
different fibre types in the regions of the biceps brachii

muscle of the capuchin monkey are presented in Tables 2
and 3, respectively.
The data in Table 2 show that:

a) in the deep region in only one insertion (distal) the
FOG fibres have higher frequency than those of the
types FG and SO;

b) in the superficial region the FG and FOG fibres
there is higher frequency than those of the type SO
in all the studied insertions;

c) in the comparison of the frequency of the same
types of fibre in the same insertions, but between
the different regions (superficial and deep), there is
an increase in the frequency of type SO fibres from
the superficial to the deep region only in the distal
insertion;

d) in the comparison of the same type of fibre between
the insertions, in the same region, there is an

Table 1. Results of the reactions of m-ATPase and NADH-Tr to which the samples of the biceps brachii muscle of the

capuchin monkey were subjected.

FIBRES m-ATPase pH10.35 m-ATPase pH 4.55 m-ATPase pH 4.35 NDH-Tr
SO type + -+ -+ -+
FOG type +++ + ++
FG type +++ + +

+ low reactivity ++ moderate reactivity +++ high reactivity.

‘raVv 4

Figure 1. Result of the histoenzymologic reactions of the sample (insertion of the medial region of deep) of biceps brac

oSy - -

hii

muscle of capuchin monkeys. A-) m-ATPase pH10.35; B-) m-ATPase pH 4.55; C-) m-ATPase ph 4.35 and D-) NDH-Tr. The
number 1 indicates the type SO fibres, number 2 indicates the type FOG fibres and number 3 indicates the type FG fibres.
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increase in the frequency of type SO fibres from
the distal to the proximal insertion, in the surface
region.

The following criteria were used to interpret the data
in Tables 2 and 3:

Different letters indicate a statistically significant
difference:

x and  — comparison among the different fibre types in
each portion (distal, lateral proximal and distal proximal)
within each region (surface and deep) — horizontally.

A and B — comparison between the surface and deep
regions in each portion (distal, lateral proximal and distal
proximal), for each fibre type — vertically.

aand b — comparison among the portions (distal, lateral
proximal and distal proximal), within each region (surface
and deep), for each fibre type — vertically.

The data in Table 3 show that the area of the type FG
and FOG fibres is always larger than that of the type SO
fibres in all the studied insertion.

4. Discussion

It is commonly known that skeletal muscles respond to
the functional demand that is required of them, and their
contractile properties are determined by the composition
of their different types of muscle fibres. This fact may also
be observed in the muscles responsible for the locomotion
of primates (Schmidt and Schilling, 2007).

The biceps brachii muscle is considered to be an elbow
flexor and, in the Macaca mulatta, this muscle is also
considered to be a flexor of the articulations of the elbow
and shoulder, as it crosses these two joints (biarticular)
(Singh et al., 2002).

The capuchin monkey presents eight categories of
locomotion activities (Wright, 2007). According to the
description of these movements, it is observed that in
only one of them does the biceps muscle participate less
actively. It is also important to remember that, when the
primates are not moving, they use the forelimbs to perform
other activities, such as digging in the soil, searching
and breaking open objects and searching in the woods
(Gasc et al., 1985).

The literature referred to gives special emphasis to type
1(SO) and IIB (FG) fibres, such as indicators of postural
activities (antigravitational) or muscle explosion in the
movement propulsion, respectively (Jouffroy et al., 2003) .

As general characteristics of propelling and postural
muscles, it is considered that the first have a homogenous
distribution of the types of fibres over their cross-sectional
area, whereas the second present an intra-muscular separation
of the SO and FG- fibres in different regions. The deep
regions are mainly composed of SO fibres, indicating a
stabilising function, whereas the surface regions have a
higher proportion of FG fibres and are therefore most
appropriate for mobilisation (Schmidt and Schilling, 2007).
These characteristics of muscle fibre type distribution are
true both for the muscles of the members, as well as for
those of the trunk (Ariano et al., 1973; Collatos et al.,
1977; Armstrong, 1980; Burke, 1981; Roy et al., 1984;
Petter and Jouffroy, 1993; Jouffroy et al., 1999; Schilling,
2005; Schmidt and Schilling, 2007).

Some researchers state that the biceps brachii of rats
evidence low activity of the oxidative enzymes of the fibres
in the surface region of this muscle due to the fact that
they do not need to act as antigravitational muscles in this

Table 2. Mean and standard deviation of the percentage (%) of the different fibre types found in the samples of the biceps

brachii muscle of the capuchin monkey.

Fibre Type - %

Regions Insertions e FOG SO
D 30.50 £ 5.01# 51.17 £ 7.93:48 18.33 £ 4.02:5
Deep LP 35.67 +7.92% 40.17 £ 6.58* 24.17 £7.83*\
MP 34.50 + 7.94%x 43.17 £ 7.71% 22.33 4 3.33%4x
D 43.00 + 6.90%48 47.00 + 8.37:A8 10.00 £ 5.022A%
Superficial LP 37.17 £ 5.3848 4717 £ 4.71:48 15.67 + 6.092Ax
MP 35.00 £ 7.92:4F 44.67 £ 6.19*4P 20.33 + 11.16"

D = Distal, LP = Lateral Proximal and MP = Medial.

Table 3. Mean and standard deviation of the area (um?) of the different types of fibres found in the different regions of the

biceps brachii muscle of the capuchin monkey.

. . Type of Fibres (um?)
Regions  Insertions e FOG SO

D 2,777.44 + 556.84 2,755.95+ 538.68*4P 2,033.45+399.354

Deep LP 2,505.31 + 344,948 2,490.72 +301.28*F 1,826.47 + 32421
MP 2,867.67 + 857.36%° 2,828.23 + 889.36%F 2,243.94 + 992,95

D 2,658.13 + 704.68F 2,570.85 + 702.09 1,958.67 + 851.95*

Surface LP 2,762.07 + 463.67*F 2,713.19 £ 461.31248 1,960.99 + 350.59A«
MP 2,982.42 + 651.65%F 2,948.94 + 515.26*F 2,147.32 + 555.53Ax

D = Distal, LP = Lateral Proximal and MP = Medial Proximal.
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animal (Matsumoto et al., 2007). Others state that larger
mammals have a higher percentage of type I fibres due to
the need to support their heavier weight (Kawai et al., 2009).
In the biceps of the capuchin monkey, it is observed that
there is a tendency towards an increase in the percentage
and in the area of type SO fibres from the surface to the
deep region in the studied location, but not a prevalence
of this fibre type in this region; however, it may be the
correct balance for the execution of any postural activity
in this animal, which does not present heavy body weight.

In some animals, for instance in horses, the biceps
brachii muscle is more complex and its two heads may be
useful for different functions, since the lateral contributes
to postural functions, whereas the medial participates in
phasic activities such as walking, trotting and running
(Hermanson and Hurley, 1990).

Regarding the fact that the biceps brachii muscle of the
capuchin monkey acts as a propellor, it is known that in
quadrupeds the hindlimbs are better adapted to execute this
task during locomotion (Niki et al., 1984; Merkens et al.,
1993; Payne et al., 2004; Dutto et al., 2004, 2006).

In the description of the eight categories of locomotor
activities of the capuchin monkey (Wright, 2007), it is
observed that propulsion movement is made predominantly
by the hindlimbs of this animal, but in some activities
the participation of the forelimbs is very important; for
instance, when they are climbing a tree branch or trunk,
since they usually are found in the top of the tree (Chiarello,
1995). This fact could explain the higher percentage of the
frequency and area of the FG fibre in relation to the SO
fibres in all the portions studied in the surface region of the
biceps brachii muscle of the capuchin monkey, in addition
to a tendency towards an increase in the percentage of
FG fibres from the deep to the surface region in the three
portions examined in this study.

The role represented by the FG fibres of fast contraction
speed is also related to other phasic activities of short fast
movements developed by the primates, such as “burrowing”
(disappearing, hiding, and seeking), in which fibres with
oxidative metabolism are not necessary. This type of
activity was described in other primates, but it must be
highlighted that it is common in the capuchin monkey as
well (Gasc et al., 1985).

The literature referred to shows that FOG fibres and other
subtypes of fibres of fast contraction speed are normally
not involved in the description of the regionalisation of
the muscles . Whereas percentages of FG and SO fibres
vary from surface to deep regions within a certain muscle
(Schmidt and Schilling, 2007), the percentage of FOG
fibres remains constant in these regions as is observed in
the cynomolgus monkey (Roy et al., 1984; Singh et al.,
2002) and in the biceps brachii of the capuchin monkey
in this study.

In the studies found, the descriptions of the percentage
and area of FOG fibres alone do not seem to demonstrate an
important participation of this type of fibre in the functional
performance of a muscle, but together with other types of
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fibres is it observed that they are important in the activities
developed by a muscle or a group of muscle.

Fibres with high oxidative capacity are capable of
balancing contraction with fatigue (Burke and Tsairis, 1974;
Sickles and Pinkstaff, 1981a,b). Based on this fact, some
researchers state that the abundance of FOG fibres in the
muscles of the hindlimbs of the Macaca mulatta (Singh et al.,
2002), which present high oxidative capacity, together with
the presence of SO fibres provide this species with fibres
that are capable of sustained contractions (Sickles and
Pinkstaft, 1981a, b). Others state that this fact is also well
illustrated in the common tree shrew, in which the fibres
of fast contraction speed often contain similar oxidative
capacity or, in some cases, higher oxidative capacity than
the fibres of slow contraction speed. The high oxidative
capacity of the muscle fibres of fast contraction speed
is also present in the slow loris (a mammal of nocturnal
habit), which explains the continuous activity of fibres
of both fast and slow contraction speed (FOG and SO),
and the combination of these two types of fibres would
be important in postural activities, for instance in animals
that move by hanging on branches and develop swinging
activities, observed in some species of primates (Sickles
and Pinkstaff, 1981a, b). It must be remembered that
the capuchin monkey also performs these hanging and
swinging activities.

Sickles and Pinkstaff (1981 a, b) ensure that animals
have arboreal habitat require more energy for maintenance
of locomotion and posture, and one would assume that a
rise in the amount of oxidative fibres would be needed in
the limb muscles of this animal. In the studied locations of
the biceps brachii of the capuchin monkey, the sum of the
oxidative fibres (FOG + SO) is greater than 50% of the total
fibres observed in the cross-sections of this muscle. Based
on the literature data, and on this information regarding
the biceps brachii of the capuchin monkey, it is possible to
reinforce the idea that this muscle is adapted for postural
functions (antigravitational activities).

Considering the sum of the fibres of fast contraction
speed (FG and FOGQ) in the studied locations of the biceps
brachii of the capuchin monkey, it is observed that they
represent over 70% of the fibres identified in the cross-
sections, and it is important to note that the area of these
types of fibres was always greater than that of the type
SO, strengthening even more the speed aspect of this
muscle. In addition to the activities previously described
which would use these types of fibres, it is important to
remember other tasks such as digging, working the soil and
creating openings , which the capuchin monkey performs
and that the biceps brachii muscles participate in. These
activities demand faster, longer movements, and in this
situation the FOG fibres can assist the FG fibres, allowing
the regeneration of glycogen during the recovery of the
glycolytic process stage, similar to what happens in other
animals (Jouffroy et al., 2003) .

Observing the literature data and the data obtained
from the samples of the biceps brachii muscle of the
capuchin monkey, and considering only type FG and SO
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fibres, it would be difficult to state whether this muscle is
predominantly a propelling or postural muscle. However,
considering the type FOG fibres together with each one
of the other two types of fibres, it is observed that it can
demonstrate both postural and phasic functions.
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