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Abstract Ascites syndrome (AS), caused by an imbalance between high oxygen
demand and its supply by cardiopulmonary system in broiler chickens, is a major
problem in the broiler industry worldwide. An experiment was designed to investi-
gate the differences in biochemical parameters between the ascitic and healthy
chickens in a pure broiler sire line under cold conditions. A total of 817 one-day-
old mixed-sex chickens from 71 half-sib families were grown and AS was induced
on day 21 using a cold temperature model. On the 32" day of the trial, blood sam-
ples from five birds per sire family were collected and blood parameters (hemato-
crit percentage and serum metabolites including, glucose, total protein, albumin,
triglycerides, cholesterol, high-density lipoprotein cholesterol (HDL), calcium,
magnesium, phosphorus, alanine aminotransferase, aspartate aminotransferase,
malonedialdehyde and total antioxidant status) were measured. The results showed
that the male birds were more sensitive to AS than the female birds. Hematocrit
percentage of the ascitic chickens was higher than the healthy chickens (P<0.0001).
In both sexes, the ascitic birds showed higher right ventricle/total ventricle ratio
(RV/TV) than the healthy birds (P<0.0001). The concentrations of serum HDL and
cholesterol in the ascitic male birds were significantly lower than that of the non-
*Corresponding author, ascitic male birds. Reduction of serum cholesterol in ascitic birds may be due to its
E-mail address: use for the synthesis of corticosterone under cold stress conditions and ascites. In
shodja@tabrizu.ac.ir this work, the traits were measured after the occurrence of ascites. Therefore, traits
such as RV/TV, hematocrit, HDL and cholesterol could be useful only in diagnosis
of birds that are developing AS. Since it is shown that the values of these traits are

Received: 31 Jun. 2019, different between the healthy and ascitic chickens before the start of AS, these
Accepted: 12 Sep. 2019, could be potential predictors of AS. Thus, they may be useful in designing breeding
Published online: 26 Dec. 2019. programs to produce more AS-resistant birds.
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Introduction

Ascites syndrome (AS) (serous fluid accumulation in Robertson, 1997; Julian, 2000). Ascites is a multifacto-
the abdominal cavity), also known as pulmonary hyper- rial syndrome caused by interactions between environ-
tension syndrome, is a costly and main metabolic dis- mental, physiological, genetic and management factors
ease in the broiler industry worldwide (Maxwell and (Baghbanzadeh and Decuypere, 2008). This metabolic
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disorder is developed due to a failure to fully supply the
increasing demand for oxygen (Wideman, 2001) in-
curred by fast growth, cold temperatures or high-energy
diets (Wideman et al., 2007). The failure is caused by an
inconformity between cardiopulmonary system output
and the demands of the body (Decuypere et al., 2000). It
begins with insufficiency of oxygen for the metabolism
(Julian, 2000) leading to hypoxemia and tissue hypoxia,
pulmonary hypertension, proliferation of immature red
blood cells and increasing hematocrit values and blood
viscosity (Shlosberg et al., 1998), right ventricle hyper-
trophy and a drop in cardiac output (Wideman and
French, 1999), which eventually lead to liver harm and
leakage of yellow fluid with fibrin clots into the ab-
dominal cavity and death (Balog et al., 2003). There-
fore, several organs (such as heart, lung, liver, kidney,
etc.) are involved in the occurrence of AS. Decuypere et
al. (2005) suggested that the syndrome is not created by
an increased oxygen demand of rapid growth rate per se
at low altitude, but by an impaired oxygen supply to
maintain a fast growth rate. Because the peak of the in-
cidence of AS is between 4 and 6 weeks of age (Max-
well and Robertson, 1997), the economic loss due to AS
is high and significant, so that 5% of the broilers and
20% of the roaster birds die due to AS (Balog, 2003;
Baghbanzadeh and Decuypere, 2008).

In recent decades, intense genetic selection of mod-
ern chickens for rapid growth has produced fast growing
chickens with a high metabolic rate (Decuypere et al.,
2005). The higher metabolic rate leads to enormous ox-
ygen demand (Decuypere et al., 2000) which in turn
causes AS to develop. Gleeson (1986) reported that ox-
ygen demand is increased by 185% in low ambient tem-
perature. It is believed that there is a high correlation
between AS syndrome and cold temperature (Ipek and
Sahan, 2006). Previous reports have shown that cold
temperature can stimulate AS (e. g., Daneshyar et al.,
2009; Van As et al., 2010). Cold temperature causes
increasing AS susceptibility by increasing the metabolic
rate and, consequently, producing metabolic hypoxia
(Stolz, 1993) or hypercapnia (Scheele et al., 2003) in
broiler chickens.

In spite of intense research on AS for many years, its
pathogenesis and underlying mechanisms have re-
mained unclear (Wang et al., 2012). It has been report-
ed that AS causes abnormal metabolism of corticoster-
oids and triiodothyronine (Luger et al., 2003). Signifi-
cant changes in the level of liver glucose and lipids me-
tabolism are related to metabolic abnormalities, and this
is due to the difference in expression of proteins
(Shimomura et al., 2000). In addition, it is suggested
that AS might be related to oxidative stress influenced
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by the reactive oxygen species (Ruiz-Feria, 2009).
There are few reports concerning the changes of bio-
chemical parameters such as fasting blood glucose, se-
rum protein, triglyceride (Zhang et al., 2010; Kheiri et
al., 2011), hepatic Malondialdehyde concentration, se-
rum glucose and cholesterol level, hepatic lactic acid
(Wang et al., 2012), serum albumin, liver metabolic
enzymes activities of broiler chickens grown under a
cold temperature environment (Yersin et al., 1992;
Biswas et al., 1995).

Moderate heritability for AS suggests that selection
against AS is possible in broiler chickens (Druyan et
al., 2007). Therefore, by selecting against AS in poultry
breeding programs, the frequency of susceptible indi-
viduals can be reduced. This requires suitable indicators
to be included in the selection index. For this reason,
the current work was conducted to investigate the effect
of cold temperature on the biochemical parameters and
identify the most appropriate biomarker as a selection
criterion.

Materials and methods

A total of 817 one-day-old chicks of both sexes (420
males and 397 females from 71 half-sib families) from
a pure sire line were raised. Due to the fact that the
health status of the chickens under test was not known
at the start of the trial, a total of 817 birds were raised
as an experimental group until the end of the trial. AS
was induced using a cold temperature model suggested
by Daneshyar et al. (2009). In order to enhance the
probability of incidence of pulmonary hypertension in
almost all of the susceptible chickens, cold tempera-
tures were combined with high energy diets to encour-
age a rapid growth rate (Wideman et al., 1995). The
rearing environment temperature was kept at 32-34°C
during the first and second days of age and then was
gradually lowered by 0.5°C every other day until 24°C
was reached on day 21 at which point the cold tempera-
ture challenge was started. The temperature of the
house was maintained at 18°C from 22 days of age to
the end of the experiment (48 days). In the trial, signs
of AS were noted after 3 weeks of age. The diets were
formulated to meet nutritional requirements for broiler
chickens in the starter (days 1-10), grower (days 11-
24), and finisher stages (days 25 upward).

Animal ethics statement

All of the experimental procedures involving animals
used in this study were approved by the ethics commit-
tee of the Department of Animal Science, Tabriz Uni-
versity, Iran (Permission number: 357/2017).
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Measurement of body weight, growth rate and AS
heart index

Body weight (BW) was measured at days 1 (BW3) and
42 (BWa42), and growth rate (GR) between BW; and
BW., was calculated per chicken using the following
formula:

GR=(BWn-BWx/drn-dy) 1)

where, BWn, and BW, are the measured BWs at day m
(dm) and day n (d») of age, respectively.

Hearts were collected from all chickens; from those
that died during the experiment and also from the
slaughtered birds at the day 48 of age. The AS heart
index (AHI) or the RV/TV ratio (right ventricle/total
ventricle) was calculated for each bird. Birds that
showed RV/TV > 0.27 and signs of AS (ascetic fluid or
hydropericardium, or both) were assigned a health status
(HS) of 1 (ascitic) and 0 (healthy), otherwise.

Measurement of blood biochemical parameters

On the 32™ day of the trial (due to the incidence of AS
peaks between 4 and 6 weeks of age), five birds per sire
family (including 3 males and 2 females) were designat-
ed for blood collection from the wing vein. One mL
blood samples were collected by venipuncture into
EDTA-K3 anticoagulation tubes for hematocrit (HCT)
measurement. A Hettich centrifuge model D-7200 (Tut-
tlingen, Germany) was used to centrifuge the whole
blood for HCT preparation. Another set of blood sam-
ples was immediately collected into non-anticoagulant
tubes to obtain serum by centrifuging the blood samples
at 2500 rpm for 10 min. Concentration of the serum
fasting blood glucose (GLU), cholesterol (CHO), tri-
glyceride (TG), calcium (CAL), magnesium (MAG),
phosphorus (PHO), alanine aminotransferase (ALT),
aspartate aminotransferase (AST), total protein (TP),
albumin (ALB), total antioxidant status (TAS) and HDL
were measured using an ABBOTT ALCYON 300/3001
ANALYZER. Malondialdehyde (MDA) concentration
in serum was measured as an index of lipid peroxidation
using the thiobarbituric acid method (Yagi, 1984). After
determining the health status of the birds at the end of
trial (Through RV/TV ratio and the presence or absence
of ascetic fluid), data from blood samples were divided
into healthy and ascitic groups according to the health
status of the birds. A number of the blood samples that
were not suitable for obtaining serum and measuring of
blood biochemical parameters were excluded, so the
number of samples from some families was less than 5
birds.

Statistical analysis

The mixed procedure of SAS (SAS Institute, 2002) was
used to analyze the differences of biochemical parame-
ters between ascitic and healthy chickens using the fol-
lowing model:

Vik = 1 + Sexi + HSj + (Sex*HS);; + Sire + e )

This model included fixed effects of sex (including two
levels: male and female) and health status (HS) (includ-
ing two levels: healthy and ascitic) and the random ge-
netic effect of the sire. The Tukey multiple-range meth-
od was used for comparing the least squares means dif-
ferences between the various levels of fixed effects.
The difference in AS frequency between the two sexes
was statistically tested for significance using the Chi-
square () test (df = 1 and P-value = 0.01). The CORR
procedure of SAS (SAS Institute, 2002) was employed
to estimate the Pearson correlation between the traits.

Results
AS-related mortality

In this trial, signs such as anorexia, high respiration rate
and decreased mobility were observed in the ascitic
birds. Excessive accumulation of fluid in the abdominal
cavity and the pericardium, right ventricular hypertro-
phy, loose heart, lung edema and hypertrophy of the
liver were also observed. The ascitic chickens remained
smaller than their normal counterparts. Eighty three
birds out of the 817 birds were excluded from the da-
taset by the 3 week due to the lack of uniformity of
weight. Of the 734 survivors (349 females and 385
males), 433 (58.99%) birds died as a result of AS (in-
cluding 244 male and 189 female birds). In the third
week of the experiment, the rate of mortality due to AS
was relatively low (39 birds) and gently increased in
weeks 4, 5, 6 and 7 (89, 89, 122 and 94 birds per week,
respectively) (Figure 1). The mortality rates for the
males and females was 56% and 44%, respectively. The
difference of AS incidence between the two sexes was
highly significant (y2 test; P<0.01).

RV/TV, biochemical factors and growth-related
traits

Table 1 presents the least squares means of RV/TV and
growth-related traits for the healthy and ascitic chick-
ens. In both sexes, the ascitic birds showed higher
RV/TV ratios than healthy birds (P<0.0001). Least
squares means of the blood biochemical parameters are
presented in Table 2. We observed higher hematocrit in
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Figure 1. Mortality rate due to ascites for the male and female birds
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Table 1. Least squares means of right ventricular weight/total ventricular and growth-related traits in healthy and ascitic chicks

Males Female
Traits Health Ascites Diff (%) P- value Health Ascites Diff (%) P- value
RVITV 0.24(117) 0.38(242) 58.3 <.0001 0.23(133) 0.37(180) 60.9 <.0001
BW; 47.2(139)  47.7(242) 1.0 0.79 44.4(157)  44.3(183) -0.2 0.99
BWa, 2160 (92) 2007 (53) -7.1 0.12 1993 (95) 1870 (43) -6.2 0.3
GRi1.42 51.5(92) 47.8 (53) -7.2 0.12 47.5 (95) 445 (43) -6.3 0.35

The number in brackets represents the number of chicks in each group. Diff (%) indicates the difference in percentage between the means of
healthy and ascitic chicks = Ascitic — health/health x 100. RV/TV: right ventricular weight/total ventricular; BW1 and BWa42: Body weights at
days 1 and 42 of age; GRi-42: growth rate between BW1 and BWa2.

Table 2. Least squares means of blood biochemical parameters in healthy and ascitic chicks

Males Females

Traits Health Ascites Diff (%) P- value Health Ascites Diff (%) P- value
HCT 4 35.7 (80) 38.4 (91) 7.6 0.02 36.2 (104) 37.3 (76) 3.0 0.66
HCT » 36.4 (17) 47.16 (14) 30.7 <.0001 39.7 (24) 48.8 (16) 22.9 <.0001
GLU 257 (69) 262 (70) 1.9 0.71 234 (32) 230 (19) -1.7 0.97
CHO" 171 (69) 158 (70) -1.7 0.03 141 (32) 139 (18) -1.4 0.99
TG 52.6 (69) 50.3 (70) -4.4 0.63 46 (32) 45.4 (19) -1.3 0.99
CAL 7.83 (69) 7.52 (70) -3.9 0.50 7.10 (32) 7.08 (19) -0.3 1.00
PHO 4.82 (69) 5.02 (70) 4.1 0.26 4.82 (32) 4.80 (19) -0.4 0.99
MAG 1.82 (65) 1.89 (67) 3.8 0.64 1.66 (26) 1.92 (18) 15.7 0.07
AST 183 (69) 193 (69) 55 0.46 203 (32) 206 (19) 1.5 0.99
ALT 5.10 (62) 6.83 (63) 33.9 0.41 9.44 (32) 6.11 (17) -35.3 0.27
ALB 1.48 (69) 1.41 (69) -4.7 0.35 1.36 (32) 1.42 (17) 4.4 0.83
TP 3.65 (69) 3.46 (69) -5.2 0.26 3.36 (32) 3.52 (17) 4.8 0.81
TAS 1.18 (69) 1.14 (68) -3.4 0.92 1.29(31) 1.23 (17) -4.9 0.97
HDL" 94.5(640) 77.4 (66) -18.1 <.0001 80.7 (30) 73.7 (17) -8.7 0.66
MDA 1.58 (68) 1.79 (68) 13.3 0.14 1.44 (27) 1.42 (14) -1.4 0.99

The number in brackets represents the number of chicks in each group. Diff (%) indicates the difference percentage between the means of healthy
and ascitic chicks = ascitic — health/health x 100. HTCa: percentage of hematocrit in randomly selected birds; HTCz: percentage of hematocrit in
birds that health status had been diagnosed prior to slaughter through apparent symptoms; GLU: glucose (mg/dL); CHO: cholesterol (mg/dL);
TG: triglyceride (mg/dL); CAL: calcium (mg/dL); MAG: magnesium (mg/dL); PHO: phosphorus (mg/dL); ALT: alanine aminotransferase (U/L);
AST: aspartate aminotransferase (U/L); TP: total protein (g/dL); ALB: albumin (g/dL); TAS: total antioxidant status (mmol); HDL: High-density
lipoprotein (mg/dL) and MDA: Malondialdehyde (umol/L). * Interaction between sex and health status (HS) is significant.

ascitic chickens than in the healthy birds (P<0.0001).
Cholesterol and HDL were significantly lower in the
ascitic male chickens as compared with those of the
healthy chickens (P<0.05). Least squares means of
magnesium concentration was higher in ascitic female
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chickens than healthy female chickens (1.92 and 1.66,
respectively; P=0.07).

Correlation between traits
Table 3 presents the correlations between RV/TV, BW;,
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Table 3. Estimates of the Pearson’s correlation coefficient between right ventricular
weight/total ventricular and growth-related traits

Traits RVITV BW; BW.2
BW, -0.02

BW. -0.24™ 0.25™

GR142 -0.24™ 0.24™ 0.99"

*P<0.05; ** P<0.01. RV/TV: right ventricular weigh/total ventricular; BW1 and BWa2: Body
weights at days 1 and 42 of age; GRi-42: growth rate between BW1 and BWaz2.

BW.2 and GRi42. RV/TV had a significant and weak (r=0.17; P<0.05). The correlation of HDL and choles-

correlation with both BW,2 and GR1.42. The correlations terol was strong (r=0.75; P<0.0001). There was nega-
between RV/TV, BW1, BW4, and GRi.4, with the bio- tive phenotypic correlation between HDL and RV/TV
chemical parameters have been shown in Table 4. BW; (r=-0.22; P=0.004) while correlation of HDL with
was positively and weakly correlated with glucose BW4 and GRi4 was positive (r=0.24; P=0.03 and
(r=0.16; P<0.05) but negatively correlated with magne- r=0.24; P=0.01, respectively). Cholesterol also had a
sium (r=-0.15; P<0.05). BW was also weakly correlated positive and weak correlation with BWs, and GRi.4
with aspartate aminotransferase and malonedialdehyde (r=0.20; P=0.04). Table 5 shows the correlations be-
(r=-0.15; P<0.05 and r=0.14; P<0.05, respectively). tween biochemical parameters. The results indicated
RV/TV was strongly correlated with hematocrit (r=0.64; that both cholesterol and HDL had a positive correla-
P=0.0001) but weakly correlated with magnesium tion with glucose, triglyceride, calcium, phosphorus,

Table 4. Estimates of the Pearson’s correlation coefficient between right ventricular weight/total ventricular and growth-related
traits with biochemical factors
Traits HCT: HCT: GLU CHO HDL TG CAL PHO MAG TP ALB AST ALT TAS MDA
RV/TV 0.16™ 0.64™ 008 -0.09 -0.22" 0.03 001 004 017° -0.08 -0.07 0.05 -0.09 -0.04 0.11
BW: -0.009 0.12 0.16 0.12 0.06 0.023 0.03 0.08 -0.15" -0.002 -0.06 -0.15" -0.07 -01 0.14"
BWa2 -0.03 - 0.13 020" 024" -0.12 010 -0.11 -0.07 -0.0004 0.10 -0.02 -0.007 -0.16 -0.02
GRi42  -0.02 - 0.13 020" 024" -012 010 -012 -0.07 -0004 010 -0.01 -0.003 -0.16 -0.02
*P<0.05; ** P<0.01. HTCu: percentage of hematocrit in randomly selected birds; HTC2: percentage of hematocrit in birds that health status had
been diagnosed prior to slaughter through apparent symptoms; GLU: glucose (mg/dL); CHO: cholesterol (mg/dL); HDL: High-density lipopro-
tein (mg/dL); TG: triglyceride (mg/dL); CAL: calcium (mg/dL); PHO: phosphorus (mg/dL); MAG: magnesium (mg/dL); TP: total protein (g/dL);
ALB: albumin (g/dL); AST: aspartate aminotransferase (U/L); ALT: alanine aminotransferase (U/L); TAS: total antioxidant status (mmol);
MDA: Malondialdehyde (umol/L).; RV/TV: right ventricular weight/total ventricular; BW1 and BWa2: Body weights at days 1 and 42 of age;
GRu1-42: growth rate between BW1 and BWa2.

Table 5. Estimates of the Pearson’s correlation coefficient between biochemical factors

Traits HCT; HCT, GLU CHO HDL TG CAL PHO MAG TP ALB AST ALT TAS

HCT. 0.12

GLU 0.04 -0.15

CHO -0.02 -0.10 0.49™

HDL -0.001 -0.28 0.38™ 0.75

TG -0.15 -0.18 0.26"™ 0.41™ 0.22"

CAL 0.10 -0.27  0.40™ 053" 039" 0.32"

PHO 0.10 -0.44" 0.22™ 0.32 0.15° 0.28" 0.33"

MAG 0.19" 0.13 0.03 0.01 -0.007 0.001 0.10 0.31™

TP 0.03 -0.05  0.15° 041" 0.34™ 0.28" 0.33" 038" 0.11

ALB 0.03 -0.15  0.27™ 055" 0.48™ 0.30™ 0.41™ 038" 0.07 0.80™

AST 0.05 -0.08 0.10 -0.01 -0.03 0.01 0.10 -0.04 -0.004 -0.04 0.03

ALT 0.19" 0.30 -0.02 -0.10 -0.10 0.01 -0.04 0.11 0.06 0.003 0.04 0.25™

TAS 0.01 -0.06 -0.02 -0.07 -0.04 0.10 0.10 0.12 0.32 0.10 0.08 0.09 0.20™

MDA 0.02 0.028 0.07 0.12 -0.04 -0.02 -0.02 022" 012 0.05 0.08 0.07 -0.03 0.09
*P<0.05; ** P<0.01. HTCu: percentage of hematocrit in randomly selected birds; HTC2: percentage of hematocrit in birds that health status had
been diagnosed prior to slaughter through apparent symptoms; GLU: glucose (mg/dL); CHO: cholesterol (mg/dL); HDL: High-density lipopro-
tein (mg/dL); TG: triglyceride (mg/dL); CAL: calcium (mg/dL); PHO: phosphorus (mg/dL); MAG: magnesium (mg/dL); TP: total protein (g/dL);
ALB: albumin (g/dL); AST: aspartate aminotransferase (U/L); ALT: alanine aminotransferase (U/L); TAS: total antioxidant status (mmol) and
MDA: Malondialdehyde (umol/L).
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albumin and total protein. Also, hematocrit was signifi-
cantly correlated with phosphorus, magnesium and ala-
nine aminotransferase (r=- 0.44; P<0.05, r=0.19; P<0.05
and r=0.19; P<0.05, respectively).

Discussion

The high incidence of AS (58.99%) observed in our ex-
periment may indicate a high susceptibility of the stud-
ied sire lines to AS. Dewil et al. (1996) studied the spec-
ification of embryos of two broiler lines (paternal line
and maternal line) with a divergent susceptibility for the
AS. Paternal lines are lines with a faster growth rate
(ascites sensitive line) while maternal lines are lines
with a slower growth rate (ascites resistant line). These
researchers found that a high susceptibility to AS at-
tained from genetic selection is connected to several
physiological variables at the embryonic phase. They
reported lower thyroid metabolism in the embryo stage
as a disposing agent for later development of heart fail-
ure and occurrence of AS in sensitive birds, since this
agent causes later hatching and development of a hy-
poxic condition in the embryonic stage. In the present
study, 63.4% (244/385) of the males and 54.1%
(189/349) of the females died due to AS. Therefore, it
seems that males are more sensitive to AS than females.
This result is in agreement with the previous studies
(Hasanpur et al., 2015; Wideman and French, 2000).
Such finding may be due to the higher metabolism rate
of males than females. Furthermore, female chickens
had a lower growth rate than the male chickens and this
causes susceptible female chickens to develop AS
symptoms later in life. If cold stress increases to a suffi-
cient extent to increase the metabolism in the females,
the AS rate in females may be equal to that in males.
The hypoxia that is created during the development
of AS causes increasing cardiac output and hence leads
to right ventricle hypertrophy. A ratio of RV/TV greater
than 0.27-0.30 is considered as an indicator of AS inci-
dence in many studies (Zerehdaran et al., 2006). Desira-
ble heritability has been reported for RV/TV (Closter et
al., 2009). Thus, it is believed that the occurrence of AS
can be reduced by selection based on RV/TV, a quanti-
tative trait which can be measured in both cold and
normal conditions. In the present study, a significant
difference in RV/TV ratio was observed between the
ascitic and healthy chickens (P<0.0001). This finding is
in accordance with the previous reports (Ipek and Sa-
han, 2006; Wang et al., 2012). Cold temperature, by
increasing cardiac output, causes increased RV/TV val-
ue which consequently results in higher morbidity and
mortality due to AS. We observed a significantly nega-
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tive correlation between RV/TV and both BW.,, and
GRi42 (r=-0.24; P<0.0001 and r=-0.24; P<0.0001, re-
spectively). Pakdel et al. (2005) reported a negative
genetic correlation between BW and RV/TV (r=-0.27)
under cold conditions and a positive genetic correlation
between BW and RV/TV (r=0.50) under normal tem-
perature conditions. Pakdel et al. (2005) also estimated
a negative phenotypic correlation between BW and
RV/TV (r=-0.30) under cold conditions and reported
that there is a genotype by environmental interaction for
BW and ascites indicator traits. These results indicate
that the correlation between BW and AS is influenced
by the susceptibility to ascites and effect of environ-
ment temperature. Therefore, non-ascitic chickens un-
der normal temperature conditions are not necessarily
chickens resistant to AS under cold-stress conditions
(this is also the case for BW). It means that susceptible
birds with higher RV/TV have lower BW under cold
conditions, so the birds with high BW under cold condi-
tions are resistant. Thus, it can be concluded that in the
susceptible birds, ascites-related genes may have higher
expression levels than productivity-related genes under
environmental conditions that induce ascites (cold
stress or high altitudes). Therefore, the reaction of the
body to AS and cold stress is an increased metabolic
rate to maintain the thermal homeostasis by using car-
bohydrates, especially liver glycogen and mobilization
of fat, resulting in a rapid decrease in body mass (Pak-
del et al., 2005; Ahmed et al., 2016).

Hematological maodifications including increased
hematocrit and immature hemoglobin have been seen in
ascitic broilers (Balog et al., 2003). Chickens possess a
thicker breathing membrane than other birds, and the
respiratory membrane of broiler chickens is thicker than
that of laying hens. In broilers, high blood flow pre-
vents full hemoglobin saturation from oxygen in the
lungs (Julian, 2000). The continuation of hypoxemia
induces the kidney to release erythropoietin. The effect
of erythropoietin on bone marrow increases the activity
of the hematopoiesis and increases the amount of red
blood cell production (polycythemia) (Luger et al.,
2003). Although high levels of hematocrit in the short
term contribute to elimination of hypoxemia, higher
hematocrit increases the viscosity of the blood and re-
duces the ability of the right ventricle to pump blood
into lung veins, thereby exacerbating AS (Shlosberg et
al., 1998). In the present study, we observed significant
changes in the hematocrit between the ascitic (high
hematocrit) and healthy (low hematocrit) broilers. This
result is in agreement with the reports of Luger et al.
(2003) and Yersin et al. (1992). Pakdel et al. (2005)
reported positive phenotypic and genetic correlation
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between RV/TV and hematocrit. In the present study,
there was also a phenotypic correlation between RV/TV
and hematocrit (r=0.64; P=0.0001). Thus, chickens with
higher genetic merit for hematocrit are probably suscep-
tible to AS under cold conditions.

Due to the large metabolic changes that occur during
the development of AS, various variables are expected
to be affected by AS (Shimomura et al., 2000; Luger et
al., 2003). Although there are several studies on hema-
tological parameters and blood gases (Van As et al.,
2010; Hassanzadeh et al., 2014; Hasanpur et al., 2016),
there is little information about the changes in biochem-
ical parameters in ascitic conditions.

Magnesium (Mg) is an essential mineral that is re-
quired for fundamental enzymatic reactions, carbohy-
drate metabolism, immune function and keeping heart
rhythm steady etc. (Sahin et al., 2005). In chickens,
magnesium supplementation causes decreased corti-
costerone and stress (D’Souza et al.,, 1998). In our
study, we observed a high concentration of magnesium
in ascitic females than healthy females (P=0.07). More-
over, magnesium was positively correlated with RV/TV
(r=0.17; P=0.02), Therefore, it can be concluded that
magnesium can help to keep heart rhythm steady and
reduce cold-induced stress and AS.

Cholesterol is a waxy substance that is needed for
the synthesis of cortisol, corticosterone and sex hor-
mones, and production of bile, and it is an important
lipid in some membranes (Ma, 2004). HDL, which is
known as good cholesterol, is the main lipoprotein class
in avian species (Mossab et al., 2001). Our results
showed that cholesterol and HDL levels in ascitic birds
were significantly lower than in healthy birds. In addi-
tion, we observed lower fat in the abdominal cavity of
ascitic broilers (data not shown). This finding is in
agreement with the results of Tankson et al. (2002).
Daneshyar et al. (2009) found no significant difference
between healthy and ascitic chickens for cholesterol
level. Wang et al. (2012) reported that the cholesterol
level in AS broilers is significantly higher than in
healthy chickens.

Hyperthyroidism, the production of excessive
amounts of thyroid hormones by the thyroid gland,
causes increased energy expenditure, reduced cholester-
ol levels, increased lipolysis and gluconeogenesis and
weight loss (Motomura and Brent, 1998). Also, cold
stress causes the release of corticosteroids from adrenal
cortical tissue (Zhao et al., 2009). The primary cortico-
steroid in birds is corticosterone (De Roos, 1960). One
of the most important metabolic functions of the stress
hormone, corticosterone, is to elevate gluconeogenesis
for endogenous glucose production (Exton, 1979). It has

been reported that THs concentration was reduced in
the plasma of ascitic chickens especially after 5 weeks
of age (Guo et al., 2007). This may be due to the meta-
bolic disarrangement that is caused during the devel-
opment of AS. Luger et al. (2003) reported that corti-
costerone concentration increases in ascitic chickens.
Aarif et al. (2014) and Priya and Gomathy (2008) have
reported that total cholesterol levels were decreased
under cold stress (P<0.01), whereas cortisol and corti-
costerone concentration were increased under the same
conditions. It might be concluded that cholesterol is
used to synthesis of corticosteroids that results in re-
duced cholesterol concentration in AS birds. Thus, re-
duction of serum cholesterol may well be an adaptive
physiological response to cold stress and ascites.

We did not observe any significant differences in
glucose levels between the healthy and ascitic birds.
Previous studies have reported that fasting blood sugar
was significantly higher in the chickens raised under
cold temperature than the chickens raised under normal
temperature and attributed this to high levels of gluco-
neogenesis in ascitic birds (Daneshyar et al., 20009;
Wang et al., 2012). There are reports that the concen-
tration of serum albumin (Yersin et al., 1992; Biswas et
al.,, 1995) and total protein (Tankson et al., 2002;
Daneshyar et al., 2009) in ascitic chickens are lower
than those in healthy chickens. In our study, the differ-
ences in serum total protein (P=0.26) and albumin
(P=0.35) between the ascitic and healthy chicks were
not significant.

Conclusions

The high frequency of AS observed in our studied pop-
ulation suggests that sire lines may be more susceptible
to AS. This study was conducted to investigate the
modification of biochemical parameters together with
RV/TV and growth-related traits in ascitic and healthy
chickens grown under cold temperature conditions.
When birds are exposed to ascites-inducing challenge,
ascitic birds exhibit significant changes compared with
the healthy birds in traits such as RV/TV, hematocrit,
HDL and cholesterol that were measured after the start
of the ascites inducing challenge. It may be concluded
that these traits indicate secondary manifestations of AS
and therefore could be useful only in diagnosis of birds
that are developing AS, but not in prediction of AS sus-
ceptibility. We measured hematocrit value, cholesterol
and HDL after the occurrence of AS (5 weeks of age).
Since it is shown that the values of these traits is differ-
ent between the healthy and ascitic chickens before the
occurrence of AS, these can be potential predictors of
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AS (according to correlations between these traits with
RV/ITV). Therefore, breeders can use these phenotypic
traits in their genetic selection programs to reduce the
incidence of AS.

References

Aarif, O., Shergojry, S.A., Dar, S.A., Khan, N., Mir, N.A,,
Sheikh, A.A., 2014. Impact of cold stress on blood bio-
chemical and immune status in male and female Vanaraja
chickens. Indian Journal of Animal Research 48, 139-142.

Ahmed, Y.A., Soliman, S.A., Abdelsabour-Khalaf, M., 2016.
Morphological and biochemical adaptive changes associat-
ed with a short-period starvation of adult male Japanese
quail (Coturnix japonica). Asian Journal of Poultry Science
10, 165-174.

Baghbanzadeh, A., Decuypere, E., 2008. Ascites syndrome in
broilers: physiological and nutritional perspectives. Avian
Pathology 37, 117-126.

Balog, J.M., 2003. Ascites syndrome (pulmonary hyperten-
sion syndrome) in broiler chickens: Are we seeing the light
at the end of the tunnel? Avian and Poultry Biology Reviews
14, 99-126.

Balog, J.M., Kidd, B.D., Huff, W.E., Huff, G.R., Rath, N.C.,
Anthony, N.B., 2003. Effect of cold stress on broilers se-
lected for resistance or susceptibility to ascites syndrome.
Poultry Science 82, 1383-1387.

Biswas, N.K., Dalapati, M.R., Bhowmik, M.K., 1995. Ascites
syndrome in broiler chicken: Observations on certain bio-
chemical and pathological changes. The Indian Journal of
Animal Sciences 65, 1068-1072.

Closter, A.M., Van As, P., Groenen, M.A.M., Vereijken,
A.L.J., Van Arendonk, J.A.M., Bovenhuis, H., 2009. Genet-
ic and phenotypic relationships between blood gas parame-
ters and ascites-related traits in broilers. Poultry Science 88,
483-490.

Daneshyar, M., Kermanshahi, H., Golian, A., 2009. Changes
of biochemical parameters and enzyme activities in broiler
chickens with cold-induced ascites. Poultry Science 88,
106-110.

Decuypere, E., Buyse, J., Buys, N., 2000. Ascites in broiler
chickens: exogenous and endogenous structural and func-
tional causal factors. World's Poultry Science Journal 56,
367-377.

Decuypere, E., Hassanzadeh, M., Buys, N., Buyse, J., 2005.
Further insights into the susceptibility of broilers to ascites.
Veterinary Journal (London, England: 1997) 169, 319-320.

De Roos, R., 1960. In vitro production of corticosteroids by
chicken adrenals. Endocrinology 67, 719-721.

Dewil, E., Buys, N., Albers, G.A.A., Decuypere, E., 1996.
Different characteristics in chick embryos of two broiler
lines differing in susceptibility to ascites. British Poultry
Science 37, 1003-1013.

54

Druyan, S., Ben-David, A., Cahaner, A., 2007. Development
of ascites-resistant and ascites-susceptible broiler lines.
Poultry Science 86, 811-822.

D'Souza, D.N., Warner, R.D., Leury, B.J., Dunshea, F.R.,
1998. The effect of dietary magnesium aspartate supple-
mentation on pork quality. Journal of Animal Science 76,
104-1009.

Exton, J.H., 1979. Glucocorticoid Hormone Action. Spring-
erVerlag, New York, USA.

Gleeson, M., 1986. Respiratory adjustments of the unanaes-
thetized chicken, Gallus domesticus, to elevated metabo-
lism elicited by 2, 4-dinitrophenol or cold exposure. Com-
parative Biochemistry and Physiology. A, Comparative
Physiology 83, 283-289.

Guo, J.L., Zheng, Q.H., Yin, Q.Q., Cheng, W., Jiang, Y.B.,
2007. Study on mechanism of ascites syndrome of broilers.
American Journal of Animal and Veterinary Sciences 2, 62-
65.

Hasanpur, K., Nassiri, M., Hosseini Salekdeh, G., Vaez
Torshizi, R., Pakdel, A., Kermanshahi, H., 2015. Associa-
tion between early growth-related traits and ascites induced
in broiler sire lines by saline drinking water or cool temper-
atures. European Poultry Science 79, 1-10.

Hasanpur, K., Nassiri, M.R., Hosseini Salekdeh, G., Vaez
Torshizi, R., Pakdel, A., Kermanshahi, H. Naghous, M.,
2016. The suitability of some blood gas and biochemical
parameters as diagnostic tools or early indicators of ascites
syndrome in broiler sire lines. Journal of Animal Physiolo-
gy and Animal Nutrition 100, 456-463.

Hassanzadeh, M., Buys, J., Toloe, T., Decuyper, E., 2014.
Ascites syndrome in broiler chickens: a review on the as-
pect of endogenous and exogenous factors interactions.
Journal of Poultry Sciences 51, 229-241.

Ipek, A., Sahan, U., 2006. Effects of cold stress on broiler
performance and ascites susceptibility. Asian-Australasian
Journal of Animal Sciences 19, 734-738.

Julian, R.J., 2000. Physiological, management and environ-
mental triggers of the ascites syndrome: A review. Avian
Pathology 29, 519-527.

Kheiri, F., Pourreza, J., Ebrahimnezhad, Y., Nazeradl, K,
Haji-abadi, S.M.A.J., 2011. Effects of supplemental racto-
pamine and L-carnitine on growth performance, blood bio-
chemical parameters and carcass traits of male broiler
chicks. African Journal of Biotechnology 10, 15450-15455.

Luger, D., Shinder, D., Wolfenson, D., Yahav, S., 2003.
Erythropoiesis regulation during the development of ascites
syndrome in broiler chickens: A possible role of corti-
costerone. Journal of Animal Science 81, 784-790.

Ma, H., 2004. Cholesterol and human health. Nature and
Science 2, 17-21.

Maxwell, M.H., Robertson, G.W., 1997. World broiler asci-
tes survey 1996. Poultry International 36, 16-22.



biochemical parameters chicken with cold-induced ascites

Mossab, A., Guillaumin, S., Lessire, M., Milliat, F., Hermier,
D., 2001. Plasma lipoprotein distribution in the turkey
(Meleagris gallopavo). Comparative Biochemistry and
Physiology Part B: Biochemistry and Molecular Biology
130, 227-235.

Motomura, K., Brent, G. A., 1998. Mechanisms of thyroid
hormone action: implications for the clinical manifestation
of thyrotoxicosis. Endocrinology and Metabolism Clinics of
North America 27, 1-23.

Pakdel, A., Van Arendonk, J.A.M., Vereijken, A.L.J., Boven-
huis, H., 2005. Genetic parameters of ascites-related traits in
broilers: effect of cold and normal temperature conditions.
British Poultry Science 46, 35-42.

Priya, M., Gomathy, V.S., 2008. Haematological and blood
biochemicals in male and female turkeys of different age
groups. Tamilnadu Journal Veterinary and Animal Science
4, 60-68.

Ruiz-Feria, C.A., 2009. Concurrent supplementation of argi-
nine, vitamin E, and vitamin C improve cardiopulmonary
performance in broilers chickens. Poultry Science 88, 526-
535.

Sahin, K., Smith, M.O., Onderci, M., Sahin, N., Gursu, M.F.,
Kucuk, O., 2005. Supplementation of zinc from organic or
inorganic source improves performance and antioxidant sta-
tus of heat-distressed quail. Poultry Science 84, 882-887.

SAS Institute., 2002. SAS User’s Guide: Statistics. Version
9.1. SAS Institute Inc., Cary, NC.

Scheele, C.W., Van Der Kilis, J.D., Kwakernaak, C., Buys, N.,
Decuypere, E., 2003. Haematological characteristics pre-
dicting susceptibility for ascites. 1. High carbon dioxide
tensions in juvenile chickens. British Poultry Science 44,
476-483.

Shimomura, I., Matsuda, M., Hammer, R.E., Bashmakov, Y.,
Brown, M.S., Goldstein, J.L., 2000. Decreased IRS-2 and
increased SREBP-1c lead to mixed insulin resistance and
sensitivity in livers of lipodystrophic and ob/ob mice. Mo-
lecular Cell 6, 77-86.

Shlosberg, A., Bellaiche, M., Berman, E., Perk, S., Deeb, N.,
Neumark, E., Cahaner, A., 1998. Relationship between
broiler chicken haematocrit-selected parents and their prog-
eny, with regard to haematocrit, mortality from ascites and
body weight. Research in Veterinary Science 64, 105-1009.

Stolz, J.L., 1993. Ascites syndrome mortality and cardiologi-
cal response of broiler chickens subjected to cold exposure:
effects of verapamil and L-carnitine supplementation. Ph.D.
Thesis, Texas A&M University.

Tankson, J.D., Thaxton, J.P., Vizzier-Thaxton, Y., 2002. Bio-
chemical and immunological changes in chickens experi-
encing pulmonary hypertension syndrome caused by Enter-
ococcus faecalis. Poultry Science 81, 1826-1831.

Van As, P., Elferink, M.G., Closter, A.M., Vereijken, A.,
Bovenhuis, H., Crooijmans, R.P., Decuypere, E., Groenen,
M.A., 2010. The use of blood gas parameters to predict as-
cites susceptibility in juvenile broilers. Poultry Science 89,
1684-1691.

Wang, Y., Guo, Y., Ning, D., Peng, Y., Cai, H., Tan, J.,
Yang. Y., Liu, D., 2012. Changes of hepatic biochemical
parameters and proteomics in broilers with cold-induced
ascites. Journal of Animal Science and Biotechnology 3,
41-49.

Wideman, R.F., 2001. Pathophysiology of heart/lung disor-
ders: pulmonary hypertension syndrome in broiler chick-
ens. World's Poultry Science Journal 57, 289-307.

Wideman Jr, R.F., French, HO.W.A.R.D., 1999. Broiler
breeder survivors of chronic unilateral pulmonary artery
occlusion produce progeny resistant to pulmonary hyper-
tension syndrome (ascites) induced by cool temperatures.
Poultry Science 78, 404-411.

Wideman Jr, R.F., French, H., 2000. Ascites resistance of
progeny from broiler breeders selected for two generations
using chronic unilateral pulmonary artery occlusion. Poul-
try Science 79, 396-401.

Wideman, R.F., Chapman, M.E., Hamal, K.R., Bowen, O.T.,
Lorenzoni, A.G., Erf, G.F., Anthony, N.B., 2007. An inad-
equate pulmonary vascular capacity and susceptibility to
pulmonary arterial hypertension in broilers. Poultry Science
86, 984-998.

Wideman JR, R.F., Kirby, Y.K., Ismail, M., Bottje, W.G,,
Moore, R.W., Vardeman, R.C., 1995. Supplemental L-
arginine attenuates pulmonary hypertension syndrome (as-
cites) in broilers. Poultry Science 74, 323-330.

Yagi, K., 1984. Assay for blood plasma or serum. Methods in
Enzymology 105, 328-331.

Yersin, A.G., Huff, W.E., Kubena, L.F., Elissalde, M.H.,
Harvey, R.B., Witzel, D.A., Giroir, L.E., 1992. Changes in
hematological, blood gas, and serum biochemical variables
in broilers during exposure to simulated high altitude. Avi-
an Diseases 36, 189-196.

Zerehdaran, S., Van Grevehof, E.M., Van Der Waaij, E.H.,
Bovenhuis, H., 2006. A bivariate mixture model analysis of
body weight and ascites traits in broilers. Poultry Science
85, 32-38.

Zhang, Y., Ma, Q., Bai, X., Zhao, L., Wang, Q., Ji, C., Liu,
L., Yin, H., 2010. Effects of dietary acetyl-L-carnitine on
meat quality and lipid metabolism in Arbor Acres Broilers.
Asian-Australasian Journal of Animal Sciences 23, 1639-
1644.

Zhao, J.P., Lin, H., Jiao, H.C., Song, Z.G., 2009. Corti-
costerone suppresses insulin-and NO-stimulated muscle
glucose uptake in broiler chickens (Gallus gallus domesti-
cus). Comparative Biochemistry and Physiology Part C:
Toxicology & Pharmacology 149, 448-454.

Communicating editor: Mohammadreza Mohammadabadi
55



Jabbari Ori et al.

56



