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Abstract: Satellite cells are mitotically active cells in skeletal muscle that contribute new nuclei to growing
myofibers. The objective of this experiment was to determine satellite cell mitotic activity in turkey embryos,
early post-hatch poults, and 1 week-old poults. All poults were fed a standard corn and soybean meal based
starter diet throughout the experiment. 5-bromo-2'deoxyuridine (BrdU) was injected intra-abdominally into
all poults and embryos. Pecforalis thoracicus were harvested two hours post-injection to determine mitotically
active satellite cells. Samples were taken at 25 days of incubation (25E), day-of-hatch, 1 day-of-age, and 1
wk-of -age (n = 10 for all groups). BrdU immunohistochemistry along with computer-based image analysis
was used to identify the mitotically active satellite cells. Satellite cell mitotic activity was lower (P < 0.05) at
25E compared to day of hatch. Furthermore, there was an age-related decrease (P < 0.05) in satellite cell
mitotic activity between 1 day posthatch to one week-of-age. The low satellite cell mitotic activity at 25E
suggests that late embryonic development may be a developmental period to target increasing satellite cell
mitotic activity. Furthermore, the normally high satellite cell mitotic activity immediately post-hatch suggests
that the early post-hatch period is also an important target for nutritional manipulations aimed at improving

skeletal muscle growth and meat vield.
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Introduction

Embryological development of the muscle begins with
the fusion of mononucleated myoblasts to form
myotubes, which mature into myofibers (Schultz and
McCormick, 1994). Feldman and Stockman (1992)
showed that during avian development a distinct
population of satellite cells is present at the midfetal
stages of development, and by late embryogenesis
myoblasts found in the chicken embryo are
predominantly adult myoblasts (Hartley ef al, 1992).
Once the bird is hatched and myofibers are formed,
normal skeletal muscle growth occurs through an
increase in myofiber size, and not an increase in
myofiber number (Remignon ef al, 1993). Myofiber
number does not increase during normal posthatal
growth because myonuclei are postmitotic and cannot
synthesize DNA (Stockdale and Holtzer, 1961). An
increase in myofiber size in postnatal vertebrates is
directly related to an increase in myonuclei (Allen ef af.,
1979). An external cell source must donate nuclei due to
the mature myofibers inability to divide. The external
source for new myofiber DNA is the satellite cell.

The satellite cell is located beneath the basal lamina of
the myofiber, and it is found throughout the length of the
myofiber (Mauro, 1961, Campion, 1984). Recently, it has
been suggested that muscle satellite cells exhibit multi
potential mesenchymal stem cell activity (Asakura et af.,
2001). Moss and Leblond (1971) showed that the
majority of the mitotically active satellite cells were
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incorporated into the myofiber immediately following
mitosis in postnatal rats. Myonuclear accretion is
regulated by the surrounding myofibers (Bishcoff, 1990;
Mozdziak ef af., 1998) suggesting stress to the myofiber
may increase satellte cell mitotic activity. Animal
agriculture may be able to increase muscle size in
turkeys by manipulating satellite cell nuclear donation;
however, target-ages for the poult must be identified due
to age-related changes in satellite cell mitotic activity.
Moss and Leblond (1971) showed that satellite cell
nuclei are incorporated into the myofiber in the young
postnatal rat. Cardasis and Cooper (1975) indicate that
satellite cells are first associated with myofibers at 19
days of gestation in the mouse, and satellite cell activity
decreases from 32% to 6% from birth to adulthood. The
decreases in satellite cells in mice came between 2
weeks of age and 4 weeks of age (Cardasis and
Cooper, 1975). Similar results have been reported in
turkeys. Mozdziak ef al. (1994) showed an age-related
decrease in satellite cell mitotic activity from 3 to 9
weeks of age in the turkey. However, from 9 to 26 weeks
of age myofiber growth in turkeys occurs mainly through
an increase in the cytoplasmic to myonucleus ratio (DNA
unit size; Mozdziak ef a/., 1994). Short-term reductions in
satellite cell mitotic activity early in life lead to a reduction
in muscle size at maturity (Mozdziak et al, 1997,
Mozdziak ef al, 2000). Overall, it appears that early
postnatal muscle development is the most crucial time
period for satellite cell mitotic activity.
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In the poultry industry, a delay between hatching and
placement of the birds in the brooder house is a
common management practice. As  described
previously, the immediate post-hatch period may be a
very important developmental window for myonuclear
accretion, and it has been shown that delayed
placement results in a lower meat yield at market age
(Halevy ef af, 2000). Hager and Beane (1983) held
broiler chicks for varying lengths of time in the incubator
to simulate holding times in the industry. Chicks that
were held in the incubator for 36 hours post-hatch were
10.3% lighter than chicks that were removed
immediately from the incubator. The difference in body
weights remained statistically significant at 4 weeks of
age {(Hager and Beane, 1983; Halevy ef al., 2000). It has
also been shown that turkey poults held in the incubator
for 48 hours post-hatch face an energy shortage
resulting in differing body composition than control birds
immediately removed from the incubator (Pinchasov and
Noy, 1993). Further complicating the lives of poults held
in the incubator, additional heat stress may increase
mortality during the holding period (Pinchasov and Noy,
1993). Nir and Levanon (1993) found that male broiler
chicks held in the incubator for 24 and 48 hours
exhibited lower body weights compared to controls. Male
broiler chicks with a 24 hour holding time exhibit lower
yolk sac content, lower carcass weight at 7 weeks of
age, and had increased mortality 21 to 42 days after
placement (Vieira and Moran, 1999a). These results
suggest a prolonged holding time, as is practiced for
practical reasons in the industry, has a definite negative
impact on young birds. Other studies involving early
post-hatch feed deprivation have also shown decreased
body weights and reduced meat yield at market age (Noy
and Sklan, 1999b; Vieira and Moran, 1999b). Finally,
Mozdziak ef al. (2002a) observed a larger ratio of
apoptotic myonuclei compared to total myonuclei for
immediately starved post-hatched chickens when
compared to fed controls. The results of delayed
placement time of poults may negatively impact satellite
cell mitotic activity due to the window of time the satellite
cell is normally mitotically active in the young bird. As
stated previously, a negative impact on satellite cell
mitotic activity (i.e. feed deprivation) at a young age
decreases adult muscle weight and the animal may
never achieve its full genetic potential for growth (Halevy
ef al., 2000). Re-feeding after early post-hatch feed-
deprivation does not compensate for the missed
nutrients, and negatively impacts satellite cell mitotic
activity (Mozdziak ef al., 2002b). Breast muscle RNA and
protein content were also reduced in an immediately
starved post-hatch bird following re-feeding (Yaman ef
al., 2000). Yaman et al (2000} also suggests that re-
feeding does not alleviate the effects of early-post hatch
feed deprivation. Immediate feeding post-hatch has
been shown to increase body weights of birds when
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compared to poults with delayed access to feed (Noy
and Sklan, 1999a). The objective of these experiments
was to determine satellite cell mitotic activity in the turkey
embryo, the early post-hatch turkey poult, and the 1-
week-old poult.

Materials and Methods

Turkeys: Hybrid turkey eggs were obtained from a
commercial hatchery and placed in an incubator at the
North Carolina State University hatching facility.
Immediately following hatching, poults were placed in
floor pens and fed a standard corn and soybean meal
starter diet. All birds were weighed at hatch and at seven
days of age. Ten hirds at 25E, day of hatch, 1-day-old,
and 1-week-old were randomly selected from the
population of poults and administered with 5-Bromo-2'-
deoxyuridine (BrdU; 10mg/ml; 1mlf100g of bird weight),
a thymidine analog. All embryos and poults were
injected with BrdU intra-peritoneally. The eggs were
candled to determine the location of the abdomen in the
25E embryos. Once the abdomen was located, a small
hole was incised in the shell directly above the site of the
intended BrdU injection. Once injected, the holes were
sealed with scotch tape and the eggs were returned to
the incubator until sampling. The BrdU was
administered using a 22-gauge hypodermic nheedle
fitted to a syringe for all embryos and poults. After the
BrdU injection, two hours were allowed for the BrdU to
be incorporated into the nuclei entering the S-phase of
the cell cycle. The poults and embryos were killed at the
end of two the hours by cervical dislocation. All
procedures involving animals were approved by the
North Carolina State University Animal Care and Use
Committee.

Immunohistochemistry: The Pectoralis thoracicus was
harvested and fixed with Carnoy's solution (60% ethanol,
30% chloroform, and 10% glacial acetic acid) overnight
in 20ml scintillation vials. The next morning the tissues
were dehydrated, washed, and embedded in paraffin.
Eight micron thick sections were cut on a microtome and
adhered to glass slides. Tissues were de-waxed and
hydrated. Following hydration of the tissues, 0.07N
NaOH was added to the slides for three minutes to
denature DNA. Phosphate Buffered Saline (PBS-pH 7.4)
was used to neutralize the NaOH. The primary
monoclonal antibody Anti-BrdU (Becton Dickinson,
Mountain View, CA) diluted 1:20 in PBS containing 0.5%
tween-20 and 0.5% bovine serum albumin was added
to the sections and incubated for two hours in a
humidified chamber. After the tissue section was
blocked with PBS containing 10% goat serum and
0.5%tween-20 for fifteen minutes to minimize
background staining; the secondary antibody was added
to the sections for two hours in a humidified chamber to
detect the BrdU labeled nuclei. The secondary antibody
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Table 1: Body weights in grams at hatch and ocne week

of age
Hatch One Week
{9l of Age (g)
Body Weights (g) 55.8+0.4° 134.8 + 2°

*Pyalues within columns without a common superscript are
significantly different (P < 0.05). Values are means + SE.

was goat anti-mouse IgG conjugated to fluorescein-
isothiocyanate (FITC), which was diluted 1:50 with PBS
containing 10% goat serum and 0.5%tween-20.
Propidium iodide (50 pg/ml in PBS) was added to the
sections for 20 minutes to label all nuclei. Finally, the
sections were placed in mounting media [75% (volivol),
75mM KCL, 10mM tris (hydroxymethyl) aminomethane,
2mM MgCl, 2mM ethylene glycol-bis (B-amino-ethyl
ether)-N,N,N',N'- tetraacetic acid, 1TmM NaN,, pH 8.5,
1mg/mlp-phenylenediamine] and a cover slip was
sealed using nail polish.

Image analysis: A Leica DMR (Leica Microsystems,
Bannockburn, IL) microscope with epiflorescence
illumination was used to observe the tissue sections. All
nuclei were cbserved with a propidium iodide (PI) filter
set (Omega Optical, Brattleboro, VT) and the BrdU
labeled nuclei were observed with a FITC filter set. A
Spot-RT CCD (Diagnostic Instruments Inc., Sterling
Heights, MI) camera was used to capture the images of
nuclei visualized by the FITC and Pl filter sets. The FITC
and Pl labeled nuclei were counted using the Image-Pro
Plus software (Media Cybernetics, Silver Spring MD).
The number of BrdU labeled nuclei per 1000 Pl labeled
nuclei was used to calculate an index of satellite cell
mitotic activity. The criteria for completing nuclear
analysis was counting at least 1000 PI labeled nuclei.
The area of muscle section containing the count of
propidium iodide labeled nuclei was also determined.
The purpose of collecting the muscle section area was
to express the number of Pl labeled nuclei in relation to
the cross-sectional area of the muscle. Image-Pro Plus
software was also used to determine myofiber cross-
sectional area for at least 100 myofibers per muscle
sample.

Statistics: General Linear Models procedure of SAS
(SAS Institute, 19835) was used to perform a one-way
analysis of variance to determine age effects on body
weight, the number of Pl labeled nuclei per muscle area,
myofiber cross-sectional area, and satellite cell mitotic
activity. Means were separated using least significant
differences (Zar, 1999).

Results

Growth: Body weights significantly (P < 0.05) increased
between hatch and 1-week of age (Table 1). Mycfiber
cross-sectional areas also significantly (P<0.09)
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increased between of age 25E and 1-week of age.

Satellite Cell Mitotic Activity and Number of Total
Nuclei: Satellite cell mitotic activity was lowest (P<0.05)
on 25E and the highest (P<0.05) on one day of age.
Subsequently, satellite cell mitotic activity was lower
(P<0.05) in 1 week-old poults compared to 1-day-old
poults (Table 2). Also nuclei per unit area measured
was lower (P<0.05) at one week of age compared to
day-old poults suggesting an age-related increase in
DNA unit size (Table 2).

Discussion

A common practice in the poultry industry is holding
poults in the incubators for 48 to 72 hours post-hatch.
The practice of holding poults has been implemented
out of the necessity to place large numbers of turkeys in
poultry houses at one time. However, the result of
holding poults without food or water post-hatch can be
detrimental because it decreases satellite cell
proliferation and overall skeletal muscle growth (Halevy
et afl., 2000). Growth retardation has been seen in male
broiler chicks that were held in the incubator for 24 and
48 hours resulting in a decrease in body weight at
market age when compared to chickens removed
immediately from the incubator (Nir and Levanon, 1993).
Holding time in the incubator has also been attributed to
weight loss in the poult and chick that was still present
at market age (Hager and Beane, 1983; Pinchasov and
Noy, 1993; Halevy ef a/, 2000). Chicks held in the
incubator also experience a decreased yolk nutrient
content and increased mortality (Vieira and Moran,
1999a), which suggests a nutrient deficit in the post-
hatch bird with delayed access to feed and water. Feed
deprivation trials have also been performed to simulate
increased holding time in the incubator and similar
results to the holding trials were attained (Noy and
Sklan, 1999b; Vieira and Moran, 1999b). It is likely that a
developmental window in muscle development is being
missed due to delayed access to feed and water
because it has been shown in other models that when
muscle is stressed during this time period the muscle
never recovers (Mozdziak ef af., 1997, Mozdziak ef af.,
2000).

One indicator of muscle development is satellite cell
mitctic activity. Mozdziak et al. (1997) suggests that
satellite cell mitotic activity and subsequent myofiber
nuclear accretion is a major factor determining turkey
muscle growth potential. In the turkey, there is an age-
related decrease in satellite cell mitotic activity (Mozdziak
et al, 1994). Research also indicates a similar age-
related decline in satellite cell mitotic activity in other
juvenile animals (Allen et af., 1979; Moss and Leblond,
1971; Cardasis and Cooper, 1975). Therefore, it is not
surprising that satellite cell mitotic activity was lower in
1-week-old poults compared to day-old poults. However,
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Table 2: Myofiber cross-sectional area, satellite cell mitctic activity and nuclei per unit area

Age Myofiber CSA™ (um?)  Satellite Cell Mitotic Activity® Nuclei per um*™ Sample size
25E 18.7 £1.44° 0.014 +0.0018" 0.015 + 0.0002° 10
Day of Hatch 11.3 £ 0.96° 0.078 + 0.018" 0.014 + 0.0003° 10
1 day old 8.6 +1.90° 0.137 £0.013° 0.015 + 0.0008% 10
1wk old 79.8 + 5.66% 0.047 + 0.006" 0.008 + 0.0003" 10

ACSA = cross-sectional area. ®Satellite cell mitotic activity is expressed as the number of BrdU-fluorescein. isothiocyanate labeled
nuclei per 1000 propidium iodide labeled nuclei. “Nuclei per pm? is the number of propidium iodide labeled nuclei per pm? of
tissue section. ***“alues within columns without a common superscript are significantly different (P< 0.05). Values are means + SE.

it is interesting that satellite cell mitotic activity
was significantly higher at day-of-hatch and 1 day-of-age
compared to the 25E embryoc. The post-hatch age-
related decrease in satellite cell mitotic activity suggest
that the greatest influence of muscle development in the
poult is the first few days post-hatch, which is the exact
time frame that poults are normally without access to
feed and water. It is therefore evident that satellite cell
mitotic activity is adversely affected by extended holding
time in the incubator. When young animals have a
negative stress on the muscle, satellite cell mitotic
activity decreases (Mozdziak ef al, 1998; Mozdziak ef a/.,
2000). A temporary reduction in satellite cell mitotic
activity (myonuclear accretion) at a young age results in
a decreased weight of the adult muscle (Mozdziak ef a/.,
2000) suggesting that holding poults in the incubator
without food or water will not only decrease satellite cell
mitotic activity, but will also result in decreased muscle
weight at market age.

The results of this study suggests that the immediate
post-hatch period may be the most critical post-hatch
time for satellite cell mitctic activity as shown by a
significantly higher satellite cell proliferation in the day-
old-poult when compared to a seven-day-old poult. The
findings of the present study also suggest that satellite
cell mitotic activity is significantly lower (P<0.05) at 25E
than at hatch suggesting that 25E may be a pre-hatch
developmental window that may be targeted by late
embryonic {n ove nutritional regimens aimed at
improving ultimate meat yield (Tako et al, 2004). It has
been previously shown that muscle organizational
differences between sexes in turkey embryos are
apparent by 25E and satellite cell proliferation and
differentiation differences exist between turkeys selected
for different growth rates (Velleman ef a/., 2000; 2002).
These data (Velleman et al, 2000; 2002) support the
idea that approximately 25E in the turkey embryo
represents a potential developmental target for
improving muscle development. The identified
embryonic and early post-hatch targets for muscle
development in the post-hatch bird may be potentially
nutritionally manipulated to improve meat yield, and
warrants further investigation.
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