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ABSTRACT

Bovine skeletal muscle growth characteristics and muscle fiber type frequency are of primary interest
because they both play a fundamental role in modeling meat quality and tenderness, although the precise
relationship remains undefined. Growth promoters like rbST have been reported to have varying effects on
muscle growth performance. The objective of this experiment was to evaluate the histochemistry and growth
characteristics of bovine semitendinosus muscle treated with rbST. Animals were divided into two groups:
control (saline-injected; n=8) and rbST-injected (15 ug/kg; n=8). Heifers were injected every 14 days from
day 210 until day 285 of age. Muscle samples were collected (day 210 and 360) and frozen in liquid nitrogen.
Histological sections (10 um) underwent morphological and histochemical analysis (HE, NADH-TR and
mATPase), morphometry (fiber area and distribution), and biochemical analysis. Fibers were classified as
SO, FOG, and FG. FOG fiber percentage distribution decreased and cross-sectional area increased in rbST-
treated animals. Recombinant bST caused a greater animal body weight gain and FOG fiber hypertrophy,
while contributing to a decrease in FOG fiber distribution. We conclude that the phenotypic modulation seen

in this muscle fiber suggests a potential role of this muscle in modeling the meat quality.
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INTRODUCTION

In animal breeding and husbandry extensive
efforts have been made to efficiently produce leaner
meat. Increased muscle mass can be achieved by
increasing muscle fiber number and size, and (or)
fiber modulation.

The investigation of muscle fiber characteristics
is therefore of practical importance to give meat
scientists, breeders, and the meat industry a bet-
ter understanding of muscle fiber involvement in
determining muscle growth and final meat quality
traits [28]. Studies have explored the relationships
between muscle fiber size and fiber types frequency
in bovines [7,25,32,48,50], and the relationship be-
tween total muscle fiber number, growth and meat
quality [6,47,51], but the precise relationship in cat-
tle remains undefined.
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Bovine skeletal muscles mainly consist of three
fiber types: SO (slow oxidative), with oxidative
metabolism and slow contraction; FG (fast
glycolytic), with glycolytic metabolism and fast
contraction; and FOG (fast oxidative-glycolytic), with
fast contracting fibers and intermediate resistance to
fatigue [19,34,39,42]. There is a correlation between
muscle contraction speed and myosin ATPase activity
[4]. The different myosin ATPase-based fibers
correspond to different myosin heavy chain isoforms
(MyHC) [15,43]. The main MyHC isoforms identified
are MyHC I, MyHC Ila, MyHC IId/x and MyHC IIb
which correspond to fiber types [, IIA, IID/X and 1IB,
respectively [41,43,44]. The classification systems
based on reactions for enzymes involved in oxidative
metabolism and m-ATPase activity appear to be
incompatible [34]. The SO fiber corresponds to type
I, but FOG and FG fibers do not fully match fiber
type ITA and IIB [35]. Bovine muscle fibers have been
classified into three types by histochemical and/or
immunohistochemical techniques [12,18,38].
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Some authors have demonstrated that muscle fiber
type 1IB is not present in bovine muscle [9,26]. How-
ever, this does not mean that this kind of muscle fiber
is not present. Muscle fibers can co-express multiple
MyHC isoforms and IIb isoforms present in muscle
fiber type IIB, is expressed in the latest stage of mus-
cle development [9]. Thus, the different methods used
for classification of muscle fibers have resulted in a
wide spectrum of different nomenclatures.

Growth promoters such as rbST have been used
to enhance muscle fiber size and improve meat
quality by increasing the skeletal muscle area and
changing the fiber types in bovines; however these
have produced variable and sometimes contradictory
results due to factors which are intrinsic and
extrinsic to the animal, such as hormone dose and
administration period [10,30], animal sex [21], age
[7,13,40,48], and diet [20,27].

Therefore, the objective of this study was to deter-
mine the effect of tbST treatment on semitendinosus
muscle fiber morphology and histochemistry in cross-
bred heifers during growth.

MATERIALS AND METHODS

Experimental Animals

This experiment was approved by Ethics Committee
of Instituto de Biociéncias, UNESP, Botucatu, SP, Brazil
(Protocol N° 1273).

The study was performed in the Department of Animal
Improvement and Production, FMVZ, UNESP — Botucatu,
SP. Twenty-eight 210 day-old crossbred heifers (Bos
indicus X Bos taurus) were allowed ad libitum access to
water and creep feed based on corn silage and dry alfafa,
with a concentrate: Dry Matter: 58.5%; Crude Protein:
16.3% and Total Digestive Nutrients: 71.3% to compensate
for any increased protein and energy requirements due to
rbST treatment.

In our study we used sixteen heifers that were randomly
assigned to two treatment groups: control (saline-injected;
n=8), and rbST-treated (BOOSTIN® 500 mg - Coopers do
Brasil Ltda — 15 ug.Kg™!; n=8). Animals were given a single
rbST injection on alternating sides of the tail base every
14 days of age, starting on average at day 210 of age and
continuing until day 285. Semitendinosus muscle biopsies
were collected in two phases: on day 210 before the first
injection, and on day 360 (75 days after the last hormone
or saline application), when the animals were slaughtered.
Animals were weighed at birth (B,), at before treatment (BT
—day 210), and at the end of treatment (ET — day 360).

Morphological and morphometric analysis
Semitendinosus muscle was chosen for this study

because of its accessibility for biopsy. On day 210 and

360, eight muscle samples were collected from each group.
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Tissue samples (approximately 1 cm long and 0.5 cm
diameter) were obtained from the semitendinosus muscle
in the middle of the central portion. Samples were frozen
in n-hexane, cooled in liquid nitrogen [8], and stored in
cryo-vials at -80°C until sectioned.

Histochemical analysis was performed on biopsy and
post-mortem tissues. Cross serial frozen sections (10 pm)
were obtained in cryostat and stained with Haematoxylin-
Eosin (HE). To evaluate the contraction ability and the
oxidative activity of muscle fibers, further sections were
submitted to histochemical myosin ATPase (m-ATPase)
(pH 4.6 and 10.4) and to NADH-TR reactions, respectively.
We classified the muscle fibers as: SO (slow-twitch-
oxidative), FOG (fast-twitch-oxidative-glycolytic) and
FG (fast-glycolytic), according to Peter et al. [34].

The identification of the myosin heavy chain
(MyHC) isoforms was determined by polyacrylamide
gel electrophoresis (SDS-PAGE). Small quantities (10 pl)
of the samples were submitted to electrophoresis in 7%
polyacrylamide gel [49] with 4% stacking gel for 19-21 h
at 70 V. The gel was stained with Coomassie Blue (Brilliant
Blue R). MyHC isoforms I and I were identified according
to their molecular weights.

The morphometric analysis involved calculation
of the muscle fiber cross-sectional area (CSA) and
frequency. Approximately 120 fibers (SO, FOG, and FG)
from each animal were analyzed through the use of five
photomicrographs (40x) per tissue section. A Digital Image
Analysis System (Leica QWin) was used to perform the
CSA measurements as per Dubowitz [11].

This was a randomized experimental design. Animal
weight data were analyzed for repeated measurements in
independent groups using ANOVA [24]. Muscle fibers
analysis used non-parametric ANOVA for repeated
measurements in independent groups [31]. Results were
statistically significant at the P < 0.05 level.

RESULTS
Morphology and biochemistry of muscle fibers

During the experiment both animal groups showed
a significant body weight gain (P<0.01). However,
a higher body weight gain was observed within the
treated animals group (Table 1). Morphological analy-
sis (HE staining) showed normal multinucleated fib-
ers, with peripheral nuclei separated by the endomy-
sium and grouped in fascicles by the connective tissue
of the perimysium (Figs. 1A, 2A and 2D).

Histochemical analysis (NADH-TR) revealed
two fiber types in a mosaic pattern in semitendinosus
muscle: (1) fibers with intense or moderate enzyme
activity, with reaction product clusters distributed
in the subsarcolemmal or intermyofibrillar regions
were oxidative, and (2) fibers with weak enzyme
activity and small clusters of reaction product in fiber
sarcoplasm were glycolytic. Reaction profiles were
similar in both groups (Figs. 1B, 2B and 2E).
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Acid and alkaline pH m-ATPase reactions
revealed three types of muscle fibers: fibers with
intense reaction after acid (pH 4.6) pre-incubation
(acid-stable and alkali-labile) (Fig. 1C), fibers
with intense reaction after alkaline (pH 10.4) pre-
incubation (alkali-stable and acid-labile) (Fig.
2C and 2F), and fibers with moderate reaction in
both acid and alkaline pH (Figs. 1C, 2C and 2F).
Reaction profiles were similar in both groups. Based
on metabolism analysis and m-ATPase reaction
characteristics, the semitendinosus muscle fibers
were classified as SO, FOG, and FG.

Biochemical analysis of semitendinosus muscle
showed separation of myosin heavy chain (MyHC)
isoforms into well-defined bands, confirming the
presence of MyHC I (in SO fibers) and II (in FOG
and FG fibers) (Fig. 3A and 3B).

Muscle fiber frequency

In this study FG fiber frequency was the highest
(P<0.05), followed by FOG and SO fibers. During
the experiment SO fibers frequency significantly
increased (P<0.05) in the control group. There was
no significant difference between groups in SO fiber
frequency at the end of the experiment (P>0.05).
FOG fiber frequency increased in controls and was
reduced in treated animals, giving a significant
difference between groups at the end of the
experiment (P<0.05). Although FG fiber frequency
was significantly reduced in both groups (P<0.05),
there was no significant difference between groups
at the end of the experiment (Table 2).

Muscle fiber area

In this study FG fiber area was always greater
(P<0.05) than FOG or SO fibers. There was a
significant increase (P<0.05) in fiber areas in both
groups except for FG fibers in the treated group.
At the end of the experiment, FOG fiber area was
significantly higher (P<0.05) in treated animals, but
was not significant for SO and FG fibers (Table 3).

DISCUSSION

The present study evaluated the effect of rbST
treatment on semitendinosus muscle fibers size
(cross-sectional area), fiber type frequency, and
myosin heavy chain (MyHC) isoforms in crossbred
heifers during growth. FOG fiber percentage distri-
bution decreased and cross-sectional area increased
in rtbST-treated animals. Recombinant bST caused a
greater weight gain and FOG fiber hypertrophy.

Histochemical analysis of the semitendinosus
muscle revealed three fiber types according to me-
tabolism and ATPase myofibrillar activity [34]: SO
(Slow Oxidative), FOG (Fast Oxidative-Glycolytic),
and FG (Fast Glycolytic), distributed in a mosaic
pattern with a predominance of glycolytic fibers
(FOG and FG fibers). Fiber type distribution within
muscles is of importance when studying fiber type
composition in relation to meat quality. Muscles
involved in resistance movements, such as postural
muscles, have a more oxidative metabolism than
those involved in strength movements [22,46]. In
most animals, the deepest limb muscles generally
have the highest percentage of oxidative fibers, while
the superficial muscles have the highest percentage
of glycolytic fibers [1,3]. The finding of the present
study corroborates with previous results [5,7,25,48]
in so far as semitendinosus muscle showed a pre-
dominance of glycolytic fibers. The pattern of mus-
cle fiber type distribution in semitendinosus muscle,
revealed by mATPase reaction, was partially cor-
related with MyHC distribution by electrophoresis
analysis, and confirmed the presence of MyHC types
Iand 11 [16,17,44].

In this study, 15 ug.Kg! rbST administered every
14 days for three months, given to approximately 7-
month-old calves, promoted a significant reduction
in FOG fiber frequency. This differs from Vester-
gaard et al. [50], where growth hormone did not af-
fect the proportions of fiber types in Friesian calves,
and from Cervieri ef al. [7], who applied 1.4 mg.kg!

Table 1. Mean = S.E. of body weight (Kg) in the control (Sal-C) and rbST-treated (rbST-T) animals at birth (B), before

treatment (BT), and at the end of treatment (ET).

Stages of evaluation

Groups
B, BT ET
Sal-C (n=8) 98.0 =894 207.4+13.582 343.4+403
rbST-T (n=8) 120.3 = 11.34° 241.0 £ 25.6 B 386.0 £37.3 ¢

Uppercase letters: Intra-group body weight comparisons among the stages of evaluation;
Lowercase letters: Inter-group body weight comparisons at a fixed stage of evaluation.
(p value < 0.05) . Values with the same uppercase letters did not differ significantly among the various stages of evaluation. Values with the same

lowercase letters did not differ significantly between the two groups.
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Figure 1. Cross sections of the semitendinosus muscle
at the beginning of experiment. A: HE. B: NADH-TR.
C: Acid mATPase, pH 4.6. F - Muscle fiber; Peripheral
nuclei (arrows); E -Endomysium; SO - Slow oxidative;
FOG - Fast oxidative-glycolytic and FG - Fast glycolytic
fibers.
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rbST to crossed /2 Aberdeen Angus X Y4 Nelore until
weaning.

In finishing steers, exogenous growth hormone
(GH) supplement in the form of recombinant bovine
somatotropin (rbST) increased Longissimus dorsi
muscle area, reduced subcutaneous and intramuscu-
lar fat, and increased Insulin - Like Growth Factor
- I (IGF-I) plasma levels [10,13,30]. However, the
effects of tbST on bovine muscle fibers are still con-
tradictory [51], which may be accounted by hormone
dose and time used [10,30], animal gender and age
[21,40,48], and diet [20,27].

In male growing and finishing crossed Bos
indicus X Bos taurus steers, muscle fibers were
evaluated after treatments with 250 mg.animal
rbST every 14 days over a 210 day period. A negative
effect from rbST supplement was observed between
12 and 14 months of age, when slow contraction
(SO) fiber diameter showed a 14.7% reduction, even
though frequency did not alter [Furlan LR, 1998,
PhD thesis, Paulista State University (UNESP),
Jaboticabal, Brazil]. However, European calves (28
day-old) treated with 0.09 mgkg! rbST showed
reduced FOG and increased FG fibers frequencies,
which indicates modulation from FOG to FG fibers
in semitendinosus muscle [48]. This is, in part,
similar to our results; however, we were unable to
demonstrate an increase in FG fiber frequency.

A transition of muscle fiber phenotypic profiles
causes changes in myosin heavy chain (MyHC)
isoforms. During muscle fiber modulation from
slow to fast fibers, there is an increase in hybrid
fibers, which have two myosin heavy chain
isoforms [33,36,37]. This transition in muscle fiber
phenotypic profiles may justify the reduction in FOG
fiber frequency observed in our study.

During post-natal muscular growth there is also
a change in the frequency of different fiber types,
varying according to muscle type, species, and age
[14,23,25,45,51].

In this study, although an increase in SO fiber
frequency was seen at the end of the experiment, this
could not be attributed to the modulation occurring
during growth because semitendinosus muscle has
a predominance of glycolytic fibers [5,7]. Also,
the significant increase in SO fibers in the control
animals could be attributed to variations in the muscle
sample collection site. In the first evaluation, a biopsy
sample was removed from the muscle surface, where
glycolytic fibers predominate; the second sample,
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Figure 2. Cross sections of the semitendinosus muscle at the end of the experiment in the control and rbST-injected
groups. A, B, C: control group. D, E, F: rbST-injected group. A, D: HE. B, E: NADH-TR reaction. C, F: Alkaline
mATPase, pH 10.4. F - Muscle fibers; Peripheral nuclei (arrows); E - Endomysium; SO - Slow Oxidative; FOG - Fast
Oxidative-Glycolytic and FG-Fast Glycolytic fibers.
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Figure 3. Electrophoretic separation of myosin heavy chain isoforms (MyHC I and II) of semitendinosus muscle. A: con-
trol group; beginning (1-5) and end (8-13) of the experiment. B: rbST-injected group; beginning (1-5) and end (8-13) of
the experiment. (6 and 7): rat soleus and EDL muscles, respectively, used as pattern.

Table 2. The median and total semi-amplitude of the SO, FOG and FG fiber frequencies in control (Sal-C) and rbST-
treated (rbST-T) animals, before (BT) and at the end (ET) of the treatment.

Fiber Sal-C rbST-T
types BT ET BT ET
o 16+ 74 24+ 118 20+ 134 23 + 15 A
(9.14%) (17.27%) (12.20%) (19.01%)
FOG 28 + 19 A 34+ 104 25+ 124 21 +204b
(16.00%) (24.46%) (15.24%) (17.35%)
FG 131 £29 48 81 =258 119 + 43 Aa 77 +32 B
(74.86%) (58.27%) (72.56%) (63.64%)
Total 175 139 164 121
(100%) (100%) (100%) (100%)

Uppercase letters: Intra-group comparisons among the stages of evaluation;
Lowercase letters: Inter-group comparisons at a fixed stage of evaluation.

(p value <0.05) . Values with the same uppercase letters did not differ significantly among the various stages of evaluation. Values with the same low-
ercase letters did not differ significantly between the two groups.

Table 3. Mean = S.E. of the SO, FOG and FG fiber cross-sectional area (um?) in control (Sal-C) and rbST-treated (rbST-
T) animals before (BT) and at the end (ET) of the treatment.

Fiber Sal-C rbST-T
types BT ET BT ET
SO 1587266 2258+369% 13484434 27465308
FOG 1600+2644 25844675 18175794 333770280
FG 3046+506" 3628+65 3010£6314° 3963+1089A2

Uppercase letters: Intra-group comparisons among the stages of evaluation;
Lowercase letters: Inter-group comparisons at a fixed stage of evaluation.

(p value <0.05) . Values with the same uppercase letters did not differ significantly among the various stages of evaluation. Values with the same low-
ercase letters did not differ significantly between the two groups.
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taken during slaughter, may have been removed
from a deeper region, where muscles normally have a
higher proportion of oxidative fibers [2,5].

During the experiment, both groups showed
a significant increase in fiber cross-sectional area
(except in FG) accompanied by a significant
weight gain. At the end of the experiment, FOG
fiber areas were significantly larger in the treated
group. Concurrently, SO and FG fibers did not
have significantly increased fiber area. In newborn
Friesian calves, 3-5 mg rbST administered daily
produced little change in semimembranosus muscle
fiber cross-sectional area [27]. In pre-puberal
Holstein heifers, tbST tended to increase SO fiber
area [50]. Vann et al. [48] reported an increase in
SO, FOG, and FG fiber areas in calves treated with
rbST; however this effect was only significant in FG
fibers; also seen by Cervieri ef al. [7]. On the other
hand, Moreira et al. [29] did not confirm differences
in SO, FOG, and FG fibers diameter in semitendinosus
muscle of male Simmentals treated with 0.15 mg/Kg/
day rbST between 150 and 210 days old. Even though
in the present study rbST had promoted a reduction
in FOG fiber frequency, they also had hypertrophy,
which could be reflected in muscle growth. Moreover,
this muscle fiber phenotypic modulation represents
a potential role of the semitendinosus muscle in
modeling the meat quality.
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