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Abstract---Chicken meat have a low-cholesterol levels, low-fat with a 

high unsaturation amount of fatty acids, which moreover be 

considered as functional foods, which provide bioactive ingredients 
with advantageous effects on human health like vitamins and 

antioxidants. Therefore, this project was designed to focusing on the 

relationship between increased the growth curve of skeletal muscles 

and the role of Myostatin (MSTN) in local domestic broiler chicken. 

The 50 birds of male domestic broiler chicken were collected from 

commercial field of Al -Kut, and according ages, the birds were divided 
into five groups (1day, 8 day, 15 day, 22day, and 30day). The samples 

of skeletal muscles were taken from the breast and leg areas. All 

samples were exposed to histological investigation by H&E stains, as 

well as immunohistochemical technique by a primary and secondary 

antibody of MSTN through paraffin-embedded sections. Histological 

results apparent a general structure of skeletal muscles at different 
ages through synchronous growth development of chicken.  

Immunohistochemical investigation appeared the different attribution 

of MSTN reactive in the skeletal muscle sections at sequence ages of 

chicken. Surface blots analysis of MSTN in skeletal muscle at the five 

experimental stages was (3.096, 10.049, 12.927, 18.453, 22.744) 
respectively. In conclusion, the skeletal muscle mass their structure 

connective tissue was developed with progress age. The skeletal 

muscle at first age has the weakly levels of MSTN accumulation within 

their fiber and this ratio gradually increase during aging.  

 

Keywords---skeletal muscle, myostatin (MSTN), broiler chicken, 
immunohistochemistry. 
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Introduction 

    

Over the older few years, meat production and marketplace have undergone 
numerous negative events that have weakened the image of this important food 

product from the customer’s standpoint [1]. The meat products at most is 

relatively unfavorable due to their content in sodium, cholesterol, saturated fatty 

acids and fat that can be interested in most widespread diseases of Western 

societies similar cancer and diabetes mellitus and cardiovascular diseases [2]. 

Through previous years, worldwide poultry meat manufacture and consumption 
have increased quickly and, in several parts of the world, individual consumption 

of poultry meat will remain to grow [3]. Regarding nutritional characteristics, 

chick meat healthy fit the current consumer demand for a low-cholesterol levels 

meat, low-fat meat with a high unsaturation amount of fatty acids and low 

sodium levels. Poultry meat may moreover be considered as “functional foods”, 
which deliver bioactive ingredients with advantageous effects on human health 

like vitamins, antioxidants, and conjugated linoleic acid [4].  

 

Chicken growth is well defined as a sigmoid curve with a primary exponential 

development phase, a middle phase, and last phase of inhibited growth that 

comprises of a gradual reduction in the development rate following an asymptotic 
rise in the body weight [5]. The advantage of this growth model is that it depends 

on parameters of physiological prominence, leading to significant genotype 

comparisons. If genetic difference in pectoralis muscles yield of broiler chickens 

may be illuminated by differences in size and of amount the muscle cells 

(myofibers), one approach for completing higher breast muscle expansion could 
be to increase the amount of myofibers.  Infact, slim weight of animals has been 

revealed to be related to the number of cells in their skeletal muscles, as 

described for double-muscled cattle, which have almost twice as many myofibers 

of mammals as different cattle [6] and for quicker growing like pigs [7,41,50].  

  

As a outcome of selection for enlarged body weight and due to achievements in 
the field of rearing and feeding, the modern broilers farming  are 3-4 times heavier 

(including thigh muscles and  breast muscle) as compared with farming chickens 

of the laying category. Simultaneously, the time of poultry farming has been 

reduced to 35-42 days [8]. This growing require for chicken meat has resulted in 

force on breeders, nutritionists and chicken farmer to proliferation the growth 
rate of birds and size of breast. Earlier, chickens and turkeys and broiler chicken  

are marketed in around half the time and at nearly twice the body weight 

compared to ten years ago [9].  

   

Skeletal muscle includes the largest percentage of animal mass. Understanding 

the mechanisms that control muscle growth has important agricultural 
implications.   One of the objectives of the poultry manufacturing has been to 

select animals for improved growth rate and increased skeletal muscle mass until 

maintaining meat quality.  For broiler chickens breeders this maximization rate of 

growth has focused on slim carcass development especially area for the breast 

muscles, the most valuable portion of the carcass [10].  Muscle cell proliferation, 
relocation, adhesion, and fusion are procedures involved with the formation of 

multinucleated muscle fibers (myotubes) that will more differentiate to the mature 

muscle fibers. This process of muscle fiber growth is nearly complete at the period 

https://en.wikipedia.org/wiki/Skeletal_muscle#Muscle_fibers
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of hatch. Through post hatch, the skeletal muscle fiber growth occurs when 

muscle fiber enlargement by way of the hypertrophy, this process results from the 

staffing of satellite cell nuclei [11]. Hyperplasia and hypertrophy of muscle fibers 

are regulated by outward factors to the cell, which include the extracellular 
matrix and extrinsic elements include growth factors. The growth factors include 

hepatocyte growth factor, fibroblast growth factor2 (FGF2), insulin like growth 

factor, transforming growth factor-β and myostatin [12].  

 

Myostatin (MSTN) is a protein manufactured and released by muscle cell that acts 

on a negative regulator of striated muscle growth [13]. Myostatin is a 
transforming growth factor-b (TGF-b) and growth/differentiation factor-8 (GDF-8), 

consider family member that is necessary for proper regulation of striated skeletal 

muscle mass [14]. Myostatin inhibits muscular growth through cellular 

differentiation of increasing somites during embryonic period and growth of 

myofibrillar cells through adult stages in animals [15, 16].  

 
MSTN regulates muscle fibre growth [14], and muscle growth by regulating 

myosatellite cells activation and regeneration [17]. In broiler chicken (Gallus 
gallus domesticus), myostatin haplotypes were described to be related with body 

weight [18].  Between two breeds of chickens, Daweishan mini chickens (DMC) 

and Avian broiler (AB), the myostatin expression is associated to regulation of 

muscle development and body growth, using two various regulatory mechanisms 
that switch among 30 and 60 days of age.  In Avian broiler, the higher myostatin 

expression detected in the leg muscle contrasted to breast muscle recommends 

that leg muscle growth rates are influence  more by myostatin (MSTN) than 

skeletal muscle growth rates of breast area [13]. 

 

Aim of the Study  
 

This project aims to focusing on the role and relationship between myostatin and 

histological features of skeletal muscles development in broiler chicken through 

limitation breeding period. 

 
Materials and Methods  
 

Experimental design 

 

The fifty birds of male domestic broiler chicken were collected from commercial 

field of Al -Kut, and according ages, the birds were divided into five groups (1day, 
8 day, 15 day, 22day, and 30day) 10 birds for each group. All experimental birds 

were anesthetized and deadened with chloroform. 

 

Samples Collection 
 

The skeletal muscle specimens from the breast and leg muscles were fixed in 10% 

neutral formalin, then muscle specimens were carry to fallow routine histological 

stapes: dehydration by progressively concentration of ethanol alcohol (70%, 80%, 

90% and 100%), previously these specimens were cleared by xylene. The 

specimens were infiltrated and embedded in paraffin wax. The prepared blocks 

https://en.wikipedia.org/wiki/Protein
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were cut longitudinal and cross section by microtome in thickness (6μm), and 

then were stained with hematoxylin and eosin stain [19].  

 
Immunohistochemistry Technique  

 

The immunohistochemistry process was implemented by using polyconal 

antibody to myostatin (MSTN). This practice was used to detect the (MSTN) in the 

skeletal muscles sections. This technique was contained the reagents preparation 

which included the citrate buffer solution pH 6.0, Phosphate buffer saline (PBS) 
with pH 7.2, DAB reagent and Primary antibody (MSTN) was used at a dilution 

1:500.  Briefly, sections from embedded skeletal muscles were dewaxed, and 

antigen retrieval was done. Subsequently, sections were raised with protein 

blocking solution and then incubated with (MSTN) primary antibody. Followed by 

the slides were principal washed with PBS and later with distilled water through 
times. A few drops of DAB chromogenic reagent were added to the tissue sections 

and then slides were incubated with H&E. Then, slides were washed with distilled 

water and mounted with DPX mounting medium.  

 

Finally, the slides examined through light microscope by the use of different 

amplifications power (4X, 10X, 20X, 40X and 100X), and resulting sections were 
photographed using digital camera. The intensity of (MSTN) was measured using 

Image J program, as well as statistical analysis for data of histological sections 

intensity was performed by the t-test at a significance level of p≤0.01.  

 

Results and Discussion 
 

The Histological Study  

 

The histological results of skeletal muscles were implemented by using 

heamatoxylin and eosin stains for appearing the general structure in the skeletal 

muscles prepared from breast and leg areas at different ages through growth 
development of broiler chicken.  At 1 day age, the histological investigation of 

current work by (H&E) showed that the structure of skeletal muscles of broiler 

chicken essentially similar to mammalian skeletal muscle. Microscopically, the 

skeletal muscle was a relative homogeneity in the view, have several types of 

muscles fibers preserved by cells of connective tissue and nerves and blood 
supply (Figure1). 

 

Longitudinal section showed the single muscle fiber as long, cylindrical shape, 

non-branched, multinucleated, with a light and dark cross striation (Figure 2). On 

the other hand, cross section examinations of muscle fibers of breast and leg 

muscles showed the diameters of muscle fibers were small, and appeared single 
muscle fiber multifaceted or polygonal designed cell with lateral location 

myonuclei, bounded by thin layer of connective tissue called endomysium, in 

addition the perimysium was C.T layer that gathers skeletal muscle fibers in 

bundles or fascicles (Figure 3). These results compatible with that have been 

described in detail previously in broilers and Silkies chickens [20] and in broiler 
chicken and pigeons [21]. At 8 day age, histological analysis showed the overall 

structure of a single skeletal muscle of broiler chicken in this stage was 

developed.  Within breast and lags muscles, the endomysium and premysium of 
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muscular fascicles which were thicker that comparable to the previous age (1day 

old) (Figure 4). The muscle fiber and connective tissue of broiler chicken have 

natural evolution, as well obtainable all circumstances fittings for poultry 

hatching and farming includes good nutrition and health condition which have 
sustainable role in normal evolve to all tissues. These observations were 

comparable to the previous description [20] who determined differences in the 

morphological and histological structure of skeletal fibers of leg and breast 

muscles of slow-growing hubbard chickens and silkies chickens. Whereas [22] 

showed that an improved temperature of hatching lead to an increased amount of 

fibers with a greater diameter in the skeletal muscles in breast area of broiler 
chickens.  At 15 day age, in both breast and legs area, the microscopically 

preview showed the growth rate observed for males in this age was  

approximation  20% higher than previous  age (8days). The cross section by 

(H&E) stains shown skeletal muscle fiber more regular and its diameter was 

thinker with relativity increase in this broiler age (Figure 5). This observation was 

like to the experiment conducted via Sobolewska et al. [23] who referred in broiler 
chickens, a more heavy increase of skeletal muscle fiber diameters was detected 

between 8 and 21 days of rearing. In addition, the character of skeletal muscle 

fibers is appointed genetically and is typical of especial hybrids and breeds [24]. 

 

At 22 day age, the cross sections treated with (H&E) showed the thicker and 
polygonal skeletal muscle fiber with clearly extracellular space between muscles 

fibers (Figure 6). The longitudinal section showed clear multinucleated, cylindrical 

shape with visible dark and light striations compare with that appeared at 

previous ages (Figure 7). In addition, the endomysium and perimysium were 

progressing comparison with this age (Figure 8). These result was similar with 

that some authors mentioned the development growth curve of skeletal muscle 
fibers, of commercial broiler chickens at 22 days [25] and breast and legs broiler 

chicken (Hubbard JA 957) at 21 days [20]. 

 

At, last stage of experiment (30 day age), the histological examinations of older 

birds sections were appeared the skeletal muscle reached to higher developed 
stage in their structure than younger birds. The longitudinal sections showed the 

skeletal muscle fibers tight interconnection with each anther with few 

extracellular spaces between cylindrical muscle fibers, and compare with that 

observed at 22 day age (Figure 9). The present findings were completely identical 

to the results of [26], increased perimysium layer with aged can be illustrated by 

growing both quantity of intramuscular C.T and adipose tissue. On the other 
hand, the previous studies [27] demonstrated that this increasing may be related 

with rise differentiation of satellite cells (muscle stem cells) by its pass into 

alternative pathways to create the fibroblastic and adipogenic cells. Therefore, all 

elements of connective tissue which including the fibroblast, elastic fibers, 

collagen fibers, and ground substances will be increased gradually with 
progression age of broiler chicken.   

 

In accordance with [28], the rapid-growing chickens are characterized via a larger 

thickness of muscle fibers compared to the birds with a slow- growth rate. The 

increased length and diameter of muscle fibers may be because of intensive 

selection, and variations appearing in the size and form of muscle fibers [29]. 
There are several factors that contribute to variations in the character of muscle 
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fibers, these including: age [30], sex [31], strain or breed [32], and physical 

activity [33].  

 

 
Figure (1): Photomicrograph showing a general histological structure of the 

skeletal muscles of breast area in broiler chicken (at 1 day age) preserved by cells 

of connective tissue (black arrows) and nerves and blood supply (red arrows) 

(H&E stain 200X) 

 

 
Figure (2): Photomicrograph showing Longitudinal section the skeletal muscles of 

leg area(at 1 day age)  showed the single muscle fiber as long, cylindrical shape, 

non-branched, multinucleated(red arrows), with a light and dark cross 
striation(black arrows). (hematoxylin and eosin [H&E] stain –400 x) 

 

 
Figure (3): Photomicrograph showing cross section the skeletal muscles of breast 

area (at 1 day age) the  appear single muscle fiber multifaceted or polygonal 

designed cell with lateral location myonuclei(red arrows), bounded by thin layer of 

C.T called endomysium(blue arrows), in addition the perimysium (black arrows) 
that gathers skeletal muscle fascicles (H&E stain 400X) 
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Figure (4): Photomicrograph showing the cross section of skeletal muscles of 

breast area of male broiler (at 8 day age), the connective tissue envelope including 

the endomysium (red arrows) around the muscle fibers and premysium (black 

arrows) of muscular fascicles (H&E stain 200 X) 
 

 
Figure (5): Photomicrograph showing the cross section of skeletal muscle fiber of 

(A) breast and (B) leg areas (at 15 day age) more regular and its diameter was 

thinker with relativity increase in broiler age (H&E stain –1000X) 

 

 
Figure (6): Photomicrograph showing the cross section of skeletal muscle fiber of 

breast area at 22 day age the thicker and polygonal skeletal muscle fiber with 

clearly extracellular space (star) between fibers (H&E stain–200X) 
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Figure (7): Photomicrograph showing the longitudinal section of muscle fiber of leg 

area at 22 day age, clear multinucleated (red arrows), and cylindrical shape with 

dark and light striations (black arrows) (H&E stain –1000X) 
 

 
Figure (8): Photomicrograph showing the cross section of skeletal muscle of leg 

area at 22 day age, the endomysium (red arrows) and perimysium (black arrows) 
are progressing (H&E stain –200X) 

 

 
Figure (9): Photomicrograph showing the longitudinal sections of skeletal muscle 

fibers of leg area at 30 day age, tight interconnection with each anther with few 

extracellular spaces between muscle fibers (H&E stain 1000X) 
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The Immunohistochemical Study  

 

The result of immunohistochemical technique by using polyclonal primary 

antibody for the myostatin (MSTN) shown weekly immunoreactivity scattered 
within differentiated skeletal muscle fibers of both breast and leg area of broiler 

chicken at 1 day age old (Figure 10A). The occurrence of MSTN immunoreactivity 

the 1st day was estimated as (3.096) of (Figure 10 B). At 8 and 15 day age, 

immunohistochemical practice showed remarkable increase in myostatin 

immunoreactivity (Figures 11A, 12 A), and this reactive was more distinctness in 

the skeletal muscle fibers of breast muscles. The occurrences of MSTN 
immunoreactivity at these stages were estimated respectively (10.049, 12.927) of 

(Figures 11B, 12 B) (Chart 1). 

 

With progress age, at 22 and 30 day old of broiler chicken, the 

immunohistochemical technique with primary antibody (MSTN) was shown 
widespread immunoreactivity scattered within thought the plasma membrane and 

sarcoplasmic of skeletal muscle fibers in breast and leg areas of broiler chicken 

(Figures 13A, 14 A). The amount of (MSTN) in these skeletal muscles was 

progressively increasing compare with previous ages, and the attribution of 

(MSTN) in skeletal muscle tissues at 22 and 30 ages old was enumerated as 

(18.453, 22.744) of (Figures 13B, 14 B) respectively (Chart 1). 
 

The results revealed that MSTN factor was decreased at 1day, afterwards the level 

of this factor was significantly increased gradually at 7 day until 30 day age. Our 

data demonstrate that growing of myostatin-immunoreactive protein 

concentrations in the skeletal muscle cross-sections were accompaniment to 

increase in the body growth, weight gain, and proliferation thickness of muscle 
fibers.  Technically, this investigation was comparable to study of [34] who 

mentioned to expression of MSTN in muscular and glandular stomach, liver, lung, 

kidney, pectoralis muscle, heart, spleen through  different old stages of  domestic 

pigeon.  In pectoralis muscle fiber, his results revealed that MSTN expression was 

significantly decreased from 1 day through 7 postnatal days.  After that, there 

was successive increase abundance up to 28 day. 
 

As a negative controller of skeletal muscle mass, the myostatin was firstly thought 

to be limitedly expressed in the muscle [35]. Subsequently, many studies had 

shown that the myostatin expression pattern was species-specific. Some authors 

reported that myostatin could be identified in most tissues of fish [36], in the 

skeletal muscle, spleen, and heart of Indian goat breeds [37].  The results of 
present work showed a unique tissue appearance pattern of broiler chicken that 

there was a prominent distribution of myostatin in breast and legs muscle. 

Furthermore the MSTN proportion in breast muscle was higher than that in other 

legs muscle. These findings were consistent with the recently previous studies 

[34] showed that the myostatin expression had the more abundance in breast 

muscle of pigeon. During the initial stage post-hatching, the expression of 
myostatin in breast muscle increased through age and had a significant positive 

correlation with skeletal muscle fiber cross-sectional region. There was an inter-

relationship among myostatin and the myogenic regulatory factors (myogenin, 

MyoD, MRF and Myf5) in the regulation of differentiation and proliferation of 

myogenic precursor cells [38].The top level of MyoG expression at 7 day post-

https://en.wikipedia.org/wiki/Myogenin
https://en.wikipedia.org/wiki/MyoD
https://en.wikipedia.org/wiki/MRF4
https://en.wikipedia.org/wiki/Myf5
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thatching suggested that the cells were getting the appropriate signals to 

differentiate into mature skeletal muscle [39]. In addition, myostatin expression 

level stayed at a relatively low status through the first week post-hatching of 

birds. As in the determination of Deveaux et al., [40], the decrease of myostatin 
transcripts might occur sequentially to the myogenic regulatory factors (like Myf5 

down-regulation and /or MyoG up-regulation) during terminal differentiation. It 

appeared that myostatin have a critical role in myogenic differentiation via 

inhibiting the levels of myogenic regulatory factors. 

 

 
Figure (10): Photomicrograph of skeletal muscle fibers of breast area showing 

MSTN immunoreactivity scattered skeletal muscle fibers at 1 day of age 

(Immunohistochemical Technique 200X) 

 

 
Figure (10) B: Surface plot of skeletal muscle fibers of breast area showing the 

percentage of  MSTN in skeletal muscle fibers at 1 day of age 

 

 
Figure (11)A: Photomicrograph of skeletal muscle fibers of breast area  showing 

remarkable increase in myostatin immunoreactivity at 8 days  of age 
(Immunohistochemical Technique 200X) 
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Figure (11)B: Surface plot of skeletal muscle fibers of breast area  showing the 

percentage of MSTN in skeletal muscle fibers at 8 day of age 

 

 
Figure (12)A: Photomicrograph of skeletal muscle fibers of breast area  showing 

remarkable increase in myostatin  immunoreactivity at 15 days  of age 

(Immunohistochemical Technique 200X) 

 

 
Figure (12)B: Surface plot of skeletal muscle fibers of breast area  showing the 

percentage of MSTN in skeletal muscle fibers at 15 day of age. 
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Figure (13)A: Photomicrograph of skeletal muscle fibers of breast area  showing 

widespread MSTN immunoreactivity scattered of skeletal muscle fibers at 22 days  

of age (Immunohistochemical Technique 200X) 
 

 
Figure (13)B: Surface plot of skeletal muscle fibers of breast area showing the 

percentage of MSTN in skeletal muscle fibers at 22 day of age 
 

 
Figure (14)A: Photomicrograph of skeletal muscle fibers of breast area showing 

widespread MSTN immunoreactivity scattered of skeletal muscle fibers at 30 days  
of age (Immunohistochemical Technique 200X). 
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Figure (14)B: Surface plot of skeletal muscle fibers of breast area showing the 

percentage of MSTN in skeletal muscle fibers at 30 day of age 
 

 

 
Chart1: The ratio of myostatin occurrence at different ages of broiler chicken 

(1day, 8day, 15 day, 22 day, and 30 day) 

 
Conclusions  

 

The general construction skeletal muscle progressively develops with sequences 

period of poultry farming. Whoever the skeletal muscle fibers diameter and its 

connective tissue and adipose tissue increased with chicken's age, which leads to 
proliferation muscle mass. The muscles of young chickens recorded lowermost 

rate of myostatin which synchronization with primary skeletal muscle growth. The 

rate this factor increasing with ageing and developed skeletal muscles mass, 

wherefore the ratio of myostatin has direct proportion with the skeletal muscle 

fiber enlargement or hypertrophy. 
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