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Abstract: The thyroid is an endocrine organ found in all vertebrates and the avian gland is similar in many
respects  to  that  of  mammalian.  In  birds  as  in  other  vertebrates, product hormones are both thyroxine
(tetra-iodothyronine or T4) and tri-iodothyronine (T3). Thyroid hormones influence all major metabolic
pathways and are involved in the regulation of the basal metabolism of the majority of tissues and
consequently in the metabolism of lipids, carbohydrates and proteins. In this study, the relationship between
plasma free thyroxine, cholesterol, triglyceride, glucose and total protein in Isa 15 strain and Arbor Acres strain
during the fattening period was investigated. At 28, 35 and 42 days of age, ten birds per strain were sacrificed
by decapitation and blood for analysis was collected from the jugular vein. The concentration of free T4 was
recorded by radio- immuno- assay method (RIA) and other parameters were measured using clinical chemistry
tests on the ARCHITECTci 8200 system.  Our data from this study indicates that in broiler chickens, plasma lipid
profile and plasma glucose profile were not correlated to plasma free thyroxine. However, a significant
correlation between plasma free thyroxine and plasma total protein (r=0.42, p=0.01) was described in Arbor
Acres strain. A significant difference (p<0.05) for plasma total protein was observed between the two strains.
No significant difference between the two groups was reported for the other measured parameters. The study
suggested conducting more investigations on the dynamics of free thyroid hormone concentration changes
in blood plasma and their correlations in broiler chickens.
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INTRODUCTION Thyroid hormones are the most important humoral

The thyroid is an endocrine organ found in all metabolic rate in target tissues, such as liver, heart, kidney
vertebrates and the avian gland is similar in many respects and brain [5]. These hormones influence all major
to that of mammalian. In birds as in other vertebrates, metabolic pathways. Their most obvious and well known
product hormones are both thyroxine (tetra-iodothyronine action is an increase in basal energy expenditure obtained
or T4) and tri-iodothyronine (T3).  The  mechanisms of acting on protein, carbohydrates and lipid metabolism.
hormone synthesis and release by avian thyroid gland are With specific regard to lipid metabolism, thyroid
essentially equivalent to those in mammals [1]. hormones affect synthesis, mobilization and degradation

Thyroid   gland   synthesizes   and  secretes a of lipids, although degradation is influenced more than
mixture of T3 and T4. Thyroxine is the predominant synthesis [6]. They favor lipolysis in adipose tissue
hormone of the circulating thyroid hormones in the resulting in a decrease in plasma cholesterol content and
domestic birds [2]. Most of them are bound  to  proteins they may have an indirect effect on lipogenesis [5].
in the blood (albumin, transthyretin, alpha- globulin) and Thyroid hormones also stimulate protein synthesis [7]
a part of them is free [3]. Only free hormones are and enhance the rate of glucose oxidation and intestinal
responsible for the biological activity of thyroid hormones absorption. They increase glygenolysis and
and available to tissues [4]. gluconeogenesis in the liver [5]. 

factors involved in setting and modulating the basal
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Previous studies have examined the impact of various
factors on T3 and T4 levels in birds, including species [8],
age [9], energy intake and dietary composition [10,11],
feeding regimen [12], photoperiod [13], geographic
variation [14], ambient temperature [15], pathophysiologic
status [16], methods of measurement [3], but were limited
to the total form of hormones and to few broiler strains.

There is no previous studies investigating the
relationship between the level of plasma thyroid
hormones and cholesterol, triglycerides, glucose and total
protein in broiler chickens including strains. Therefore,
the present study was conducted:

To compare the growth performance between Isa 15
strain and Arbor Acres strain.
To determine the biochemical values including:
plasma free thyroxine, cholesterol, triglyceride,
glucose and total protein in Isa 15 strain and Arbor
Acres strain.
To compare blood profile of these two groups.
To determine the relationship and correlation
between all the cited parameters with plasma free
thyroxine in the two strains of broiler chickens.

MATERIELS AND METHODS

Animal and Housing: The study was conducted in the
poultry farm BENBOULAID (Constantine-Algeria).
Experiments were carried out on 60 broilers of two strains:
30  heavy  fast  growing broilers Arbor Acres strain and
30 lighter- weight, fast growing broilers  Isa  15  strain.
The two groups of animals were housed in two different
battery brooders but subject to equivalent conditions
including feeding. Broilers Isa 15 strain were reared from
1 to 59 days of age and broilers Arbor Acres strain were
reared from 1 to 57 days of age according to the
technological recommendations for these breeds.
Chickens were fed up during the first 11 days of age with
a commercial starter diet and from day 12 until the end of
the  fattening  period  with  a  commercial  grower  diet.
The content of crude protein (%) and metabolisable
energy  (kcal/kg  of  diet) was as follows: starter diet:
22.11- 2823.75 (Table 1), grower period: 20.32- 2908.53
(Table2).

The temperature was maintained between 22 and
24°C. The animals were exposed to a light:dark cycle of 16
hours light : 8 hours dark at 21 days of age. The lighting antibody specific  for  T4,  as tracer, in the presence of a
is then increased by 2 hours each week to 22  hours  light

Table 1: Composition of starter diet.
Starter feed composition Metabolizable energy % Proteins
-Maize : 50% 2823.75 Kcal/Kg of diet 22.11%
-Soya meals : 24%
-Milling issues : 23%
-Limestone: 1%
-Phosphate : 1%
-Mineral complex vitamins :1%
Source ONAB

Table 2: Composition of grower diet.
Grower feed composition Metabolizable energy % Proteins
-Maize : 62% 2908.53 Kcal /Kg of diet 20.32%
-Soya meals : 26%
-Milling issues : 8.50%
-Limestone: 0.90%
-Phosphate : 1.60%
-Mineral complex vitamins :1%
Source ONAB

at 42 days until slaughter. Water and feed were provided
ad libitum for the two strains. In our experimentation, no
clinical symptoms of disease or abnormal mortalities were
observed.

Blood Samples: At 28, 35 and 42 days of age, ten birds per
strain were sacrificed by decapitation. Blood for analysis
was collected from the jugular vein and harvested into
heparinized polystyrene tubes. After sampling, blood
plasma was separated by centrifugation at 3,000 rpm for 10
minutes and the obtained plasma was stored in a freezer
at -20°C for later analysis.

Biochemical Analysis: Plasma samples were assayed
using clinical chemistry tests on the ARCHITECTci 8200
system.  The blood plasma was analyzed for triglycerides
by the enzymatic procedure of Fossati and Prencipe [17]
and Mac Gowan et al. [18].

Cholesterol was analyzed by the enzymatic procedure
of Allain et al. [19], modified by Roeschlau et al. [20].

Glucose was analyzed by the hexokinase method,
based on a modification of Slein [21], using hexokinase
and glucose-6-phosphate-dehydrogenase to catalyze the
reaction.

Total protein was analyzed by the Biuret method [22].

Hormone Assays: The concentration of free T4 was
recorded  by the radio- immuno-assay method (RIA),
using the principle of labeled antibody. Samples and
standards are incubated with I125-labeled monoclonal

biotinylated analog of thyroxine (ligand) in avidin-coated



Global Veterinaria, 10 (3): 243-249, 2013

245

tubes. There is a competition between the free thyroxin of difference (p<0.05) between the two strains only for the
the sample and the ligand for the binding to the labeled levels of plasma total protein, no significant differences
antibody.  The  fraction  of   antibody   complexed  with (p>0.05) were observed for the other measured parameters
the  biotinylated ligand binds to avidin-coated tubes. in this investigation. 
After incubation, the content of tubes is eliminated and We observed no significant correlation between
bound radioactivity is measured. A calibration curve is plasma free thyroxine and plasma cholesterol in Isa 15
established and unknown values are determined by strain (r=0.16,  p=0.40)   and   in   Arbor   Acres   strain
interpolation from the curve. Specificity of the assay for (r=-0.18, p=0.33), no significant correlation was also
the free T4 had been established by the supplier. Intra and showed between plasma free thyroxine and plasma
interassay coefficient of variation were 8.3% and 7.5% triglyceride in Isa 15 strain (r=0.03, p=0.83) and in Arbor
respectively. Acres strain (r=-0.02, p=0.89). The plasma concentrations

of free thyroxine had no significant correlation with
Statistical Analysis: The results were evaluated plasma glucose in Isa 15 strain (r=0.14, p=0.46) and in
statistically by the Statview 1992-98 SAS Institute. Inc. Arbor Acres strain (r=-0.08, p=0.64).
Data were analyzed with one way analysis of variance We noted a significant correlation between plasma
(ANOVA). The student’s t-test was used to evaluate free thyroxine and plasma total protein in Arbor Acres
strain differences. Z test correlation of Fisher was applied strain (r=0.42, p=0.01), no significant correlation was
to assess the relation between plasma free thyroxine with showed for Isa 15 strain (r=-0.22, p=0.24).
cholesterol, triglycerides, glucose and total protein levels In this investigation, increasing age results in a
in the two strains. Comparisons were considered significant decrease (p<0.05) in plasma free thyroxine
significant when p values were less than 0.05. between 28 days and 35 days in Isa 15 strain and a

RESULTS observed between 28 days and 42 days in Arbor Acres

In Table 3, body weights of the two strains at 28, 35 We also noted a significant decrease (p<0.05) in
and 42 days of age are presented. Chickens of Arbor plasma   glucose    and    plasma    cholesterol    between
Acres strain were heavier in this investigation  than  Isa 28 days and 42 days in the two strains studied and a
15 strain. Their body weights were higher at 28, 35 and 42 significant decrease (p<0.05) in plasma triglycerides
days of age. Difference in body weights between the two between 28 days and 42 days was described only for
strains was statistically significant (p<0.05). Arbor Acres strain.

The mean±SE of the plasma free thyroxine, Plasma total protein levels demonstrated an
triglyceride, cholesterol, glucose and total protein increasing significant tendency (p<0.05) between 28 days
concentrations at different ages in Isa 15 strain and Arbor and 35 days and between 35 days and 42 days in Arbor
acres strain are showed in Table 4. There was a significant Acres strain. 

significant increase (p<0.05) in plasma free thyroxine was

strain.

Table 3: Body weights (mean±SEM) in Isa 15 strain and Arbor Acres strain (g).

28days 35days 42days

Isa 15 strain 1211.10  ±42.64 1693.40  ±21.39 2128.50  ±34.40a b c

Arbor Acres strain  1408.50 ±25.68 1984.70 ±36.32 2625.10  ±58.06a b c

Table 4: Concentrations (mean±SEM) of plasma glucose, cholesterol, triglycerides and free thyroxin in Isa 15 strain and Arbor Acres strain.

Parameter

Strain Age n Glucose (g/L) Cholesterol (g/L) Triglycerides (g/l) Total protein (g/L) Free thyroxin (Pmol/L)

Isa 15 28 10 2.32 ±0.13 1.00 ±0.16 0.67 ±0.17 28.50 ±2.35 20.76 ±3.19a a a a a

35 10 2.19 ±0.13 0.90 ±0.09 0.70 ±0.37 29.96 ±1.99 16.40 ±2.83a,c a,c a,c a b

42 10 1.12 ±0.59 0.41 ±0.22 0.43 ±0.14 29.42 ±1.04 18.80 ±2.17b b b a a,b

Arbor 28 10 2.74 ±0.55 1.19 ±0.31 0.63 ±0.16 34.83 ±7.27 17.91 ±2.37a a a a a

Acres 35 10 1.72 ±0.90 0.78 ±0.42 0.57 ±0.21 27.28 ±6.32 17.02 ±3.17b,c b,c a b,c a,c

42 10 1.31 ±0.56 0.65 ±0.39 0.57 ±0.39 36.34 ±5.77 21.09 ±1.44c c a a b

means in the rows with different letters differ significantly P<0.05.a,b,c,
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DISCUSSION hormone is T3 [30]. Hayashi et al. [31], have showed that

Obtained data is in accordance with technological in  protein  metabolism  in  chicken  skeletal  muscle  cells.
norms for Arbor Acres and Isa 15 strains. Arbor Acres It is plausible that T4 plays major roles in the regulation of
chickens  are  heavy  broilers  selected  on  fast  growth heat production and skeletal muscle protein metabolism in
[23,  24]   and    Isa    15    chickens    are  lighter-weight animals. Because normal plasma levels of T4 is about 6
fast-growing broilers (Table 3). times of that of T3, T4 is then more stable in the plasma

Selection for diverse productive parameters has also than T3.
induced endocrine changes, more particularly at the levels But free thyroxine is a better marker than total
of thyroid hormones which are closely related to avian thyroxine for thyroid function and is more independent
metabolism. from the transport capacity of plasma proteins. As T4 is

The rise of free thyroxine concentrations among the the principal hormone synthesized by thyroid gland,
beginning and the end of the experiment was statistically impairment in thyroid function would directly and early
significant for Arbor Acres strain. However, in Isa 15 lead to fall serum free T4 concentrations. Because the
strain, this increase was not statistically significant, free fixation of T4 to proteins slowed down the liver hormone
thyroxine levels reduce statistically between 28 and 35 catabolism, bound T4 persisted in plasma for a long time
days of age and then increase between 35 and 42 days of and serum T4 concentrations would be less responsive to
age (Table 4). The increase of free  thyroxine  in  Arbor variations in thyroid biosynthesis [32]. This was the
Acres strain between 28 and 42 days of age coincided reason for monitoring free thyroxine hormone
with the period in which the most rapid relative growth is concentrations.
observed. At this stage of development, chickens begin Thyroid hormones are involved in the regulation of
to accumulate enormous amounts of muscle. the basal metabolism of the majority of tissues and

The increased T4 levels are in agreement with consequently in the metabolism of lipids, carbohydrates
previous results which showed that T4 increased and proteins [33]. In this investigation, there was no
consistently with age in broilers and White Leghorns [25]. significant correlation between plasma free thyroxine,
Stojevic et al. [26],  have  reported  the  age- dependent cholesterol and triglyceride in the two strains of broiler
(3-6weeks) increase in the concentration of T3 and T4 chickens.
hormones. Moravej et al. [27], have showed that in step Changes in plasma cholesterol showed a significant
with increase broilers age, mean concentrations of plasma decrease (p<0.05) with age in the two groups, also plasma
T4 were increased in broilers fed on different energy and levels of triglyceride demonstrated a decreased tendency
protein levels. Luger et al. [28], have concluded that with age, that was significant (p<0.05) only for Isa 15
plasma T4 concentrations continuously increase with age strain. Age- related changes, with a tendency of blood
in healthy broilers. cholesterol and triglyceride to decrease significantly

Considering the metabolic role of the thyroid during the fattening period were also observed in
hormones in the organism, these results should be chickens by Piotrowska et al. [34] and Peebles et al. [35].
expected. The changes in relative growth rate and free A general correlation between blood levels of thyroid
thyroxine concentrations support the classical hormones (T3, T4, fT4) and lipid metabolism in general is
observations that thyroid hormones are necessary for well established in humans [36]. In domestic animals,
growth. It is evident that thyroid hormones are involved studies on blood lipid profile showed the existence of
in wide range of metabolic activities influencing the variations between species and even within species [5].
growth and development of birds. The thyroid hormones There are contradictory findings regarding the relation
are primarily involved in energy production by increasing between blood thyroid hormones, cholesterol and
the metabolic rate in turn heat production. Their triglycerides. The blood cholesterol level generally varies
importance is most visible in deficient animals that exhibit inversly with thyroid activity [37]. In contrast, the
stunted growth and lower productivity [2]. Any reduction concentrations of thyroid hormones were not correlated
in physiological levels of thyroid hormones impairs the with cholesterol levels in camels [38], in goats [39] and in
growth and development of embryos [29]. sheeps [5,40]. 

It is generally thought that T4 is the predominant Thyroid hormones action has long been recognized
thyroid hormone in circulation, but it has little inherent as an important determinant of glucose homeostasis [41].
biological activity, the more metabolically active thyroid They  stimulate  all aspects of carbohydrate metabolism,

T4 is active and plays important metabolic roles especially
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