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Abstract

Background and aims: producing chickens with high weigh in a short time is the main purpose of the broiler
chickens’ producers. This rapid body weight gain can cause some disorders in some organs performs like
cardiovascular system and it can make these chickens prone to some diseases like cardiovascular failures as well as
the sudden death syndrome. So in this study, it was decided to investigate the growth of aorta and its coordination
with body gain in broilers and layer chickens.

Materials and Methods: Study was performed on Cobb 500 and Ross 380 as broiler chickens and Leghorn as layer
chickens and samples were separated from the descending aorta. after tissue processing and Hematoxylin and eosin
(H&E) staining, lumen diameter and the thickness of tunica intima, media and adventitia were measured and
compared.

Results: The results showed that in broiler and layer chickens, the tunica media was the thickest layer. This layer
showed a decrease in thickness on day 40. On the other hand, on day 40, the broiler chickens revealed more weight
compared to the layer chickens, and this weight gain happened very fast, while the growth of vessels, the thickness of
the layers, and the aortic diameter in both breeds were almost equal.

Discussion: Thus it can be concluded that with the rapid growth in broiler chickens, birds with smaller cardiovascular
and respiratory tracts are formed that it can make them prone to the cardiovascular diseases.
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Introduction

Protein is an important substance and can be
obtained from animals. Protein sources in Iran are red
meat (beef and sheep), white meat (chicken and fish),
milk and eggs. Among these, chicken meat is the
most consumed meat used by a large group of people.
Broiler chickens are the most abundant species of
domestic animals and have the most population
compared to other species of birds. Ross 308 and
Cobb 500 are two broiler strains among chickens that
their favorable conversion ratio has introduced them
as one of the most suitable meat chickens (Zubair &
Leeson, 1996). There are some differences between
Ross 308 and Cobb 500 that has mentioned in some
studies. A study showed that pectoral muscles
showed more growth in Cobb broiler strain while
thigh muscles revealed much more growth in Ross
(Rahaman et al., 2010).

In a study conducted on the embryo of these two
broiler breeders it was seen that embryonic
development in the Cobb was faster than Ross and the
weight loss up to day 18 in incubation stage in the
Cobb was less than Ross (Tona et al, 2010). In
another comparison between these two broiler
breeders it has been reported that the length, thickness
and weight of the pectoral muscles and some other
muscles was more in Cobb strain than Ross (Rahman,
2014).

Nowadays companies compete for the production
of broiler chickens and in order to attract customers
and to sell more products resort to a variation in
genetic structure of produced chickens, improving the
primary growth rate, food conversion ratio and the
quality of broiler carcass. This genetic selection,
though leads to an increase in meat production, it can
cause some problems such as disorders in
cardiovascular system (Olkowski, 2007), the skeletal
system (Julian, 2005), and immune system
(Parmentier ef al., 2010). unlike considering the traits
that are related to the rapid growth, and high
efficiency of broiler chicks’ breast and thigh meat, the
organs as heart and lungs are ignored and due to the
lack of conformity of heart and lungs with
physiological requirements of other organs, broiler
chicks are prone to metabolic and cardiovascular
failure (Mansourbahmany et al., 2011). The existence
of heart failure in broiler chicks is much more than
other groups. Ascites and sudden death syndrome are
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also the most prevalent cases in broiler chicks
(Olkowski & Classen, 1998; Korte ef al., 1999).

Broiler chicks, raised with rapid growth, show
more cardiac diseases, revealing much more acute
and chronic cardiac failure (Olkowski et al., 1997;
Scheele, 1997). A vast number of studies have been
carried out on cardiac diseases and the causes of these
disorders in broiler chickens (Korte et al, 1999;
Martinez-Lemus, 1999; Olkowski et al., 2003; Wu et
al., 2003; Wideman, 2001). Also the comparison of
broilers and laying chickens has always been
considered by scientists. Comparing the broiler and
layer chickens has been recognized that the
differences between these two strains are in the yolk
sac, hormones, fat metabolism and body weight
(Buzala et al., 2015). Also it has reported that muscle
development and fat tissue is vary in broilers and
layer chickens and it is because of differences in the
amount of food consumed and the use of the nutrients
in these two strains (Buzala & Janicki, 2016).

According to the studies cardiac failure are
more in meat chickens than other breeds, and
these disorders might be because of the rapid
growth of the muscles and insufficient growth of
heart arteries. Thus, in the present study, we
decided to compare the diameter of the lumen,
the thickness of tunica intima, media and
adventitia in aorta of broiler and leghorn
chickens on days 8, 15, 30 and 40 and
investigate the coordination or non-coordination
between the growth of the aortic wall with
weight gain in these two strains.

Materials and methods

In this study, 96 specimens were selected from
three strains, Cobb 500, Ross 380 as broiler chickens
and leghorn as layer chickens. Each strain in group of
eight on days 8, 15, 30, and 40 were randomly
selected from poultry farms in Shiraz. After weighing
the chickens, they were euthanized with an overdose
of propofol (10 mg/kg). The hearts and aorta were
exposed via thoracotomy and heart with the attaching
vascular organs was isolated and the samples were
separated from the descending aorta. After washing
with normal saline, the samples were transferred in
10% formalin solution for
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fixation. After tissue processing, Serial transverse
sections of 5 um thickness were cut along the aorta
and all sections were stained with Hematoxylin and
eosin (H&E).

In this study, the lumen diameter, and thickness of
tunica intima, media and adventitia were measured
using a special digital microscope for calculating the
histological sections. The image was transferred
from microscope on a computer monitor screen
through Dyno kitcher software.

The collected data was examined by SPSS
statistical package (Version 24.0, SPSS Inc., Chicago,
IL, USA) for Windows, and was statistically
described in terms of meantstandard deviation
(xSD). To confirm the normality of the data, the
Kolmogorov-Smirnov test was used, and to compare
the means of the groups, the ANOVA and Kruskal-
Wallis variance analysis were used.

J Altern Vet Med 2021; 4(8): 448-458

Results

According to the Table 1, the process of gaining
weight in layer breeds takes place slowly. As it is
seen an 8-day chick has a weight is 99.5 g which this
value will be 6559 g for a 40-day chick. In
comparison, Cobb 500 and Ross 380, compared to
layer chickens show more weight gain in a shorter
period of time. On days 8, Cobb 500 has 170 +0.06 g
weight and it becomes 1920.2 + 95. 01 g on day 40.
While from day 8 to 40 weight of Ross 380 changes
from 146.5£06.0 into 1712.3+87.09. In fact, the
broiler breeds have gain much weight in a short
period of time which this increase has been observed
even much more in Cobb 500 in comparison with
Ross 380. Thickness of the tunica intima, media and
adventitia and lumen diameter of aorta in the leghorn,
Cobb 500 and Ross 380 are presented in Tables 2 to

5.

8 days (gr) 15 days (gr) 30 days (gr) 40 days (gr)
Layer chicken 99.5+0.04° 256 +16.87° 486.69 +28.8° 655.9 £26.87°
Cobb chickens 170 +£0.06° 643.57 +31.4° 1267.3 +70.3° 1920.2 £95.01°
Ross chickens 146.5+0.06° 598.72 +28.9° 1165.6 = 68.9° 1712.3 +£87.09°

Table 1. Means and standard deviation of body weight in Layer, Cobb 500 and Ross 380 chicken. ®: significant difference
between Layer chicken with Cobb chickens and Ross chickens (P<0.05).

8 days (gr)
Layer chicken 7.91£1.9°
Cobb chickens 7.49£2.05°
Ross chickens 8.31£2.7°

15 days (gr)

30.23 £ 13.66°

28.60+12.70°

27.94+12.76°

30 days (gr) 40 days (gr)

26.82+12.42° 21.60+14.09°
21.73+19.16° 20.86+13.43°

24.82+13.42° 20.60+14.09°

Table 2. Means and standard deviation of tunica intima in Layer, Cobb 500 and Ross 380 chickens. e: significant difference of
tunica intima in 8 days with 15, 30 and 40 days in layer, Cobb 500 and Ross 380 chickens (P<0.05).
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8 days

Layer chickens 417.23+31.17°

Cobb 500 chickens 410.36+28.14°

Ross 380 chickens 420.15+35.20°

840.3+69.16°
768.21+67.48°%*

837.26+70.15°*

30 days 40 days

867.13+ 72.69° 830.91£16.01°%*

832.16+80.79° 789.20+ 15.71°%*

854.23+ 71.69° 826.90+15.61°

Table 3. means and standard deviation of tunica media in Layer, Cobb 500 and ross 380 chickens. ®: significant difference of
tunica media between 8§ days with 15, 30 and 40 days in layer, Cobb 500 and Ross 380 chickens (P<0.05). *: significant
differences between different breads in the same days (P<0.05).

According to the tables, the tunica intima in three
strains, Cobb 500, Ross 380 and leghorn on day 8 has
the lowest value, but on days 15, 30 and 40 shows a
considerable increase, which the changes from day 8
to 15, 30, and 40 reveals significant differences
(p=0.5). However, the difference in this layer from
day 15 to 30 and 40 does not show any statistical
significant difference. The thickness of this layer on
days 8 and 15 among layer chickens are less than
Cobb 500 and Ross 380 while on days 30 and 40, the
tunica intima thickness in layer chickens is more than
Cobb 500 and Ross 380. Moreover, in different ages
this layer in Cobb 500 has much more diameter
compared to Ross 380. However, this was a small
difference and does not depict any statistical
significant difference (Table 2 and Figure 1).

The thickness of the tunica media in the layer
chickens, Cobb 500 and Ross 380 shows a significant

increase from day 8 to days 15 and 30 but on day 40
the thickness of this layer is less than the one on day
30. These changes from day 8 to days 15, 30 and 40
reveals a significant difference (P<0.5) but an
increase in this layer on day 15 in comparison to day
30 and a decrease in this layer on day 40 is not
significant. Comparing the thickness of this layer in
these three breeds, it can be seen that the thickness of
tunica media on days 8 and 15 in layer chickens is
less than the ones in Cobb 500 and Ross 380, but on
days 30 and 40 thickness of this layer in layer
chickens is more than Cobb 500 and Ross 380. But
this difference is small and insignificant. However
only Cobb 500 and Ross 380 on day 15 and the layer
chicken and Cobb 500 on day 40 reveal statistical
significant differences (p<0.5) (Table 3 and Figure 2).

8 days
Layer chickens 20.19 + 6.64°
Cobb 500 chickens 17.44 +5.52°
Ross 380 chickens 19.65+6.15°

64.94+12.06°
67.19+4.37°

65.34+11.20°

30 days 40 days

76.39+13.97° 79.15+29.12°

67.04 + 8.65° 69.86+11.11°

73.54+13.27° 77.28 +£28.32°

Table 4. Means and standard deviation of tunica adventitia in Layer, Cobb 500 and ross 380 chickens. *: significant
difference of tunica adventitia in 8 days with 15, 30 and 40 days in layer, Cobb 500 and Ross 380 chickens (P<0.05).

According to Table 4 and Figure 3, the thickness
of the tunica adventitia in the leghorn, Cobb 500, and
Ross 380 is less on day 8 than on days 15, 30, and 40.

However, a significant different on day 8 is observed
compare to the days 15, 30 and 40. (p<0.5).
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8 days 15 days
Layer chickens 20.19 + 6.64°
Cobb 500 chickens 17.44 +5.52°
Ross 380 chickens 19.65+6.15°

64.94 £ 12.06°
67.19+4.37°

65.34+11.20°

30 days 40 days

76.39 £ 13.97° 79.15+29.12°

67.04 + 8.65° 69.86+11.11°

73.54+13.27° 77.28 +£28.32°

Table 5. Means and standard deviation of lumen in Layer, Cobb 500 and Ross 380 chickens. °: significant difference of lumen in
8 days with 15, 30 and 40 days in layer, Cobb 500 and Ross 380 chickens (P<0.05). *: significant differences between different
breads in the same days (P<0.05).

Comparing the thickness of this layer among
these three strains, it can be observed that the
thickness of this layer on day 8 in layer chickens is
less than those in Cobb 500 and Ross 380 but on days
15, 30, and 40 the diameter of the tunica adventitia in
layer chickens is much more than those observed in
Cobb 500 and Ross 380. Moreover, this layer in
different ages in Cobb 500 has much more diameter
compared to Ross 380. However, the observed
variations do not reveal any statistically significant
differences.

35
30
25
20
15

10

0

8 days 15 days 30days

Table 5 and Figure 4 illustrate the diameter of the
aorta lumen in layer breeds, Cobb 500 and Ross 380.
On days 8,15,30 and 40. The diameter of the lumen in
the three strains is more on days 15, 30 and 40 than
on day 8 and a statistical significant difference can be
seen. Comparing the diameter of lumen in these three
breeds, it is revealed that the diameter of the lumen in
different days in layer chickens has been much more
than Cobb 500 and Ross 380. However, these
variations are trivial and insignificant. The
statistically significant differences are observed only
in layer chickens and Ross 380 on days 15 and 40.

m layer chicken
| cobb 500 chicken

M ross 380 chicken

40 days

Figure 1. Comparison of tunica intima in layer, Cobb500 and Ross 380 chicken in different days.
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Figure 2. Comparison of tunica media in layer, Cobb500 and Ross 380 chicken in different days.
As depicted in Tables 2 to 4, in different days in thickness compared to the other layers and the least

all chickens the tunica media has revealed the most thickness has been observed in the tunica intima.

90
80

70
60
50 m layer chicken
40 B cobb 500 chicken
30 B ross 380 chicken
20
10
0

8 days 15 days 30days 40 days

Figure 3. Comparison of tunica adventitia in layer, Cobb500 and Ross 380 chicken in different days.

Discussion Brachiocephalic artery in chicken (Popescu et al.,

2013; Popescu et al., 2013; Garcia Filho et al., 2012;

The three arteries wall layers consist of tunica Vodenicharov & Cirnuchanov, 1995; Rahmanifar et

intima, media and adventitia. It is reported these three al., 2012). Aorta in leghorn chickens, Cobb 500 and

layers in different arteries in various species like renal Ross 380 also show the existence of these three
artery in pigs, humans aorta, paca, and layers.
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m layer chicken
® cobb 500 chicken

M ross 380 chicken

40 days

Figure 4. Comparison of lumen in layer, Cobb500 and Ross 380 chicken in different days.

The present research revealed that in Cobb 500,
Ross 380 and leghorn tunica intima, media and
adventitia had the least thickness on day 8. These
three layers showed a considerable increase on days
15, 30, and 40 compared to day 8. This increase can
be due to the growth of chicks and increased food
requirements and blood volume in adult compared
with neonate. Thus with weight gain from day 8 to
15, 30, and 40, the aorta showed growth in both
broiler and leghorn chickens but these changes in the
aortic wall thickness are less compared to weight gain
in broiler chickens than layer chickens. In Cobb 500
and Ross 380 as broiler chickens on days 15, 30 and
40 a significant weight gain can be seen but the aorta
growth and the thickness of various layers and aorta
lumen was not match weight gain. Whilst this lack of
coordination between the growth of aorta and the
weight gain in layer chicks is less and it can be
because the weight gain is slower in layer chickens
than broiler chickens.

In broiler and layer chickens, the tunica media
represents the thickest one which is composed of the
smooth muscle cells and a large amount of elastic
fibers. On the other hand, these fibers and smooth
muscle cells play an important role in the consistency
of blood pressure and the flow of blood in the aorta.

It is known that during systole the blood enters
the large elastic arteries with considerable force and
that these arteries distend. They are able to do so

because of the large amount of elastic tissue in their
walls. During diastole the arteries return to their
original size because of the elastic recoil of the walls.
The smooth muscle cells control the blood flow
towards the body organs through their contraction and
expansion (Junqueira et al., 2005). The thickness of
this layer in leghorne, Cobb 500 and Ross 380
increase from the days 8 to 30, but on day 40 it shows
less thickness compared to day 30. This reduction in
the thickness of tunica media in day 40 can be
attributed to a decrease in the elastic fibers coused by
aging. In some studies it has been reported that the
stiffness of the large arteries at high ages is due to the
degradation of the collagen fibers and a decrease in
elastic fibers in these vessels (Jerome, 2012).
Measuring the thickness of the layers in these three
groups, it can be seen that though broiler chickens
show much more rapid growth compared to the layer
chickens, but the thickness of the layers and the
vessel lumen in broiler chickens do not show any
significant differences with layer chickens. The tunica
intima in layer chicks is thicker than broiler chicks on
days 15, 30 and 40 but this difference is not
significant. In layer breeds, the tunica media is also
less than what seen in Cobb 500 and Ross 380 on
days 8 and 15 but on days 30 and 40, the diameter of
the tunica media in layer chickens is more than Cobb
500 and Ross 380. As it can be seen, in this age the
tunica media of aorta in layer chicks shows greater
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thickness compared to what observed in broiler ones.
Previous studies have also revealed that the diameter
of the left ventricle and the aorta and the thickness of
the myocardium in chicks with rapid growth are less
(Martinez-Lemus, 1998).

Like the other animals, the sudden death
syndrome causes a sudden death in the broiler
chickens without any previous signs in the poultries,
and the main reason for the occurrence of this
syndrome is the heart attack. Researchers and
scientists believe that the heart attack happens due to
the high stress (Olkowski, 2007; Martinez-Lemus,
1998). Thus the rapid growth in broiler breeds can
enhance the chance of heart attack (Nain et al., 2008).

The anatomy and physiology of the
cardiovascular and respiratory system of birds may
have an important role in the sensitivity of these
organs to diseases (Decuypere et al, 2000). It is
reported that because of rapid growth in broiler
chickens, anatomic and functional changes of the
cardiopulmonary system have occurred, making
broiler chickens highly susceptible to some diseases
(Martinez-Lemus et al., 1999). Acute heart attack is
among the main reasons of death in broiler chickens.
It is seen that the broiler chickens even in good
physical conditions are involved in sudden deaths
without any obvious reasons (Olkowski, 2007). One
of the reasons for the sudden death syndrome is due
to the rapid growth (Greenlees et al., 1989, Korte et
al., 1999). Moreover, the rapid growth is a factor that
may lead to lack of oxygen (Olkowski et al., 2005)
which in turn it can be attributed to the abnormal and
fast growth of the body and the growth disorders in
the cardiovascular system. It is because the changes
in growth in broiler chickens to gain more weight and
bigger muscle mass may result in the birds with
smaller cardiovascular and respiratory organs
(Hassanzadeh et al, 2005). Thus, these defects in the
development of heart and cardiac vessels may result
in cardiac diseases.

In general, it can be concluded from the findings
of this present research that the cardiac failures and
diseases in broiler chicks is more than those observed
in layer chicks which can be attributed to the rapid
growth of the broiler chickens compared to the layer
chickens. Compared to the layer chickens, broiler
chickens gain more weight in a shorter period of time
while the growth and thickness of the tunica intima,
media, adventitia and lumen of aorta in both breeds

Ramezani Nowrozani

occur in the same rate. It indicates the disorders in the
growth of cardiovascular system which is a factor of
cardiac failure in broiler chickens.
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