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The tissue factor (TF) – tissue factor pathway inhibitor (TFPI) axis plays a major role in
hemostasis. Disorders of the coagulation system are commonly diagnosed with the help of
screening tests such as prothrombin time (PT), activated partial thromboplastin time (aPTT),
and plasma fibrinogen concentration (PFC). However, the effect of prebiotics on the
hemostasis system has not been characterized in poultry yet. This study was designed to
determine the effect of in ovo administration of prebiotics on blood coagulation parameters of
broiler chickens depending on their age. The study was conducted with 180 broiler chick
embryos, the air cells of which were injected on day 12 of incubation with prebiotics
(experimental groups: Bi2tos, DiNovo® and RFO) or physiological saline solution (control
group). At 1, 21 and 42 days of rearing, blood was sampled from 15 broiler chickens from
each group. An enzyme immunoassay was performed to determine plasma TF and TFPI
levels, and PT, aPTT and PFC were determined in the chicken blood. We demonstrated that:
1) total TF levels increased with age in the experimental groups, 2) prebiotics had no
significant effect on TF levels between the groups at a particular age, 3) total TFPI levels
differed between both the type of in ovo injected substance and the broiler chicken age, 4) in
the control group, PT and aPTT were found to increase with age whilst fibrinogen
concentration decreased. The main conclusion from this pilot study is that total TF and TFPI
levels change with age, however no clear patterns regarding TFPI were detected yet. The
levels of PT, aPTT and PFC varied with the prebiotics administered in ovo as well as with the
age of broiler chickens.
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Hemostasis is a complex process which protects
the organism from bleeding in the event of endo-
thelial cell injury (GENTRY 2004; KIM et al. 2009).
In general, blood coagulation occurs via the tissue
factor (TF) dependent pathway (extrinsic path-
way) or the contact activation pathway (intrinsic
pathway). However, the presence of the intrinsic
pathway in birds is still a matter of debate (DOERR
et al. 1974; DOERR & HAMILTON 1981; LEWIS
1996; THOMSON et al. 2002). Accordingly, the ex-
trinsic pathway is considered the primary coagula-
tion process in birds. It begins with release of TF
(thromboplastin, Factor III) from injured vascular
endothelium and activated platelets in response to
tissue damage or inflammatory stimuli (DOERR &
HAMILTON 1981; THOMSON et al. 2002). Re-
leased TF interacts with circulating factor VII
(FVII) to form the FVIIa-TF enzymatic complex,
which transforms factor X into the active form,
FXa (GENTRY 2004; OWENS III & MACKMAN
2010; RAO & PENDURTHI 2012). Activity of the
FVIIa-TF complex is strictly regulated by tissue
factor pathway inhibitor (TFPI), which demon-
strates antithrombotic properties (DOOLITTLE et al.
2008; PONCZEK et al. 2008; KASTHURI et al. 2010;
HOLROYD et al. 2012). Clinical studies in humans
have shown that elevated TFPI levels in atherothrom-
botic disease are associated witch endothelial in-
jury and platelet activation (WINCKERS et al.
2013). Despite the crucial role of TF and TFPI in
the coagulation process, their exact functions and
blood levels in poultry have never been reported.
This issue may be exceptionally important in view
of the fact that hemostatic disturbances are a grow-
ing and significant problem in poultry production
(MURAMOTO et al. 2006; YEH et al. 2008; YEH et al.
2009; NAZIFI et al. 2010; PLISZCZAK-KROL et al.
2012; ZERYEHUN et al. 2012; WIDEMAN et al.
2013). Several cases of disseminated intravascular
coagulation in birds caused by pathogens and
tranexamic acid have been reported recently (SHI-
BATANI et al. 1997; MURAMOTO et al. 2006;
MORIS 2015; SUBA et al. 2015).

In 2006, the European Union imposed a ban on
antibiotic growth promoters in poultry nutrition
(CASTANON 2007) and bioactive substances in
more recent times, especially prebiotics, are con-
sidered as alternatives (PATTERSON & BURKHOLDER
2003; HUYGHEBAERT et al. 2011). Prebiotics are
non-digestible food ingredients that can stimulate
growth and activity of beneficial microorganisms
and thus can eliminate pathogenic microbiota
(GIBSON & ROBERFROID 1995). Prebiotics are
most effective in poultry when administered as
early in life as possible (PATTERSON & BURK-
HOLDER 2003; ALLOUI et al. 2013), for instance
a single in ovo injection of the RFO prebiotic
(raffinose family oligosaccharides) in broiler

chickens increases the number of bifidobacteria in
the caecum at hatching and ensures long-term per-
sistence of these bacteria during rearing (VILLA-
LUENGA et al. 2004; PILARSKI et al. 2005). The re-
sults of recent studies have shown that in ovo injec-
tion of prebiotics and synbiotics in broiler chickens
may improve production traits (e.g. body weight and
feed conversion rate) (BEDNARCZYK et al. 2011),
meat quality (MAIORANO et al. 2012) and influ-
ence development of the immune system (S£AWIÑ-
SKA et al. 2014a; S£AWIÑSKA et al. 2014b).

Evaluation of prebiotics for in ovo injection is
comprised of several steps. Firstly, the oligosac-
charide must exhibit complete solubility in
physiological salt. Only fully dissolved prebiotics
can be precisely injected in ovo and pass the egg
membranes into the bloodstream and gut of the
embryo. Secondly, the prebiotic has to be deliv-
ered in ovo at a specific dose rate that ensures high
hatchability of the eggs and microflora develop-
ment at hatching. Thirdly, the prebiotic should
confer beneficial properties to the host in perform-
ance and fitness traits. There are many biologically
active oligosaccharides available that could be
validated for in ovo injection. The aim of our ear-
lier study (BEDNARCZYK et al. 2016; S£AWIÑSKA
et al. 2016) was to evaluate the applicability of dif-
ferent prebiotics to in ovo injection. Commercially
and in-house manufactured prebiotics were pre-
liminarily evaluated based on solubility, filterabil-
ity, sterility parameters and their biological
properties. Three prebiotics were selected: Di-
Novo® (BioAtlantis Ltd., Tralee, Co., Kerry, Ire-
land), Bi2tos, (Clasado Ltd, Sliema, Malta), and
in-house manufactured (GULEWICZ et al. 2000)
raffinose family oligosaccharides (RFO). These
prebiotics were sourced from different materials,
that is, marine algae (DiNovo®), cow milk (Bi2tos)
or plant seeds (RFO), and differed in biological
composition and bioactive properties.

Disorders of the coagulation system are com-
monly diagnosed with the help of screening tests
such as prothrombin time (PT), activated partial
thromboplastin time (aPTT), and plasma fibrino-
gen concentration (PFC). Both prolonged and
shortened blood clotting times as well as changes
in fibrinogen concentration may be indicative of
disorders of the hemostatic system. Effective diag-
nosis of hemostatic disorders in poultry remains an
ongoing problem. The physiological mechanisms
of hemostasis in poultry, as well as the pathologi-
cal alterations that have occurred over the last
years as a result of changing production condi-
tions, are still poorly understood. The evaluation
of hemostatic disorders in birds is hampered by in-
adequate diagnostic methods currently in use in
veterinary medicine. Other important problems
are the optimization of coagulometric methods
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and the availability of species-specific reagents
(DOERR et al. 1975; PLISZCZAK-KROL et al. 2012).

The effect of prebiotic administration on hemo-
stasis in animals or humans is poorly understood.
Therefore, the aim of the present study was to in-
vestigate the relationship between in ovo admini-
stration of prebiotics on selected blood coagulation
parameters in growing chickens.

Material and Methods

Birds were raised as approved by the Polish Lo-
cal Ethics Committee (approval no. 22/2012 of
21 June 2012) and according to the animal welfare
recommendations of European Union directive
86/609/EEC, by providing good husbandry condi-
tions with continuous monitoring of stocking den-
sity, bedding, ventilation and lighting.

In ovo injection

Hatching eggs (Ross 308) originating from
a 32-week-old parent flock with an average weight
of 60 g were incubated at the Drobex hatchery
(Solec Kujawski, Poland) in a Petersime incubator
(Petersime NV, Zulte, Belgium). On day 12 of in-
cubation, eggs were candled to eliminate infertile
eggs and those with dead embryos were excluded.
A total of 180 eggs containing live embryos were
included in our final analysis. Eggs were randomly

allotted to four groups: control (n=45) – injected
with physiological saline solution and experimen-
tal – injected with (1) Bi2tos (n=45), (2) DiNovo®

(n=45) and (3) RFO prebiotics (n=45). Prebiotics
were administered on day 12 of incubation into the
egg’s air cell (Fig. 1). The in ovo injection proce-
dure was performed with the use of a dedicated
automatic system (BEDNARCZYK et al. 2011).

The optimal doses of the prebiotics injected into
the egg’s air cell were determined by BEDNARCZYK
et al. (2016) based on hatching results of 13995
embryos injected with different doses of prebiotics
and the analysis of the number of Bifidobacterium
and Lactobacillus genera in the feces of one day
old broiler chicks.

The control group was in ovo injected with 0.2 ml
of physiological saline solution. In ovo injection in
the three experimental groups consisted of 0.2 ml
physiological saline solution containing a given
dose of the prebiotic. Experimental group 1 received
a commercially available prebiotic (Bi2tos), which
contained indigestible trans-galactooligosaccharides
produced by an enzyme reaction of lactose (Clasado
Ltd., Malta) at 3.50 mg prebiotic/embryo (BED-
NARCZYK et al. 2016). Experimental group 2 re-
ceived the prebiotic DiNovo®, an extract of
Laminaria spp. containing laminarin and fucoidan
(BioAtlantis Ltd., Ireland) at 0.88 mg prebi-
otic/embryo (BEDNARCZYK et al. 2016). Experi-
mental group 3 was injected with raffinose family
oligosaccharide (RFO) at 1.90 mg prebiotic/em-
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bryo (BEDNARCZYK et al. 2011; MAIORANO et al.
2012). This prebiotic was isolated and purified
from lupin seeds (Lupinus luteus L., cv. Lord) ac-
cording to the method described by GULEWICZ et al.
(2000). RFO solution contained 6.1% saccharose,
9.4% raffinose, 65.2% stachyose, 18.0% verbas-
cose and 1.3% other saccharides (BEDNARCZYK et al.
2011). Following injection, each hole was sealed
and the eggs were incubated until hatching. The
use of automated in ovo technology ensured that
the bioactive substances were administered accu-
rately and efficiently, and protected the hole in the
shell after injection against moisture loss and em-
bryo contamination.

Rearing of birds

Hatched chicks were placed in production house
(Drobex, Solec Kujawski, Poland) and were
reared under production conditions from February
to March 2014 until 42 days of age. Standard com-

mercial concentrate diets were fed ad libitum in
three phases (Table 1): starter (days 1-21), grower
(days 22-35), and finisher (days 36-42). Broiler
chickens had constant access to water and their
health was monitored throughout the experiment.
Housing conditions were the same in all experi-
mental groups.

Sampling

Control and experimental groups were divided
into three subgroups containing 15 broiler chick-
ens each, depending on the time of sampling (Fig. 1).
The material for laboratory testing was blood col-
lected at random once from each individual at 1 day
of age by decapitation (HERICHOVÁ et al. 2001)
and at 21 and 42 days of age from wing vein
(DANESHYAR et al. 2011) into tubes containing
3.8% sodium citrate (at a blood/anticoagulant ratio
of 9:1) using Vacuette® vacuum tubes (Becton
Dickinson, Plymouth, United Kingdom). The blood

Table 1

Composition and calculated analysis of diets (g/kg as fed-basis)

Item Starter
day 1-21

Grower
day 22-35

Finisher
day 36-42

Ingredient
Wheat 267.3 291.9 306.6
Maize 300.0 300.0 300.0
Extracted soybean meal 325.0 282.0 253.3
Canola 50.0 60.0 70.0
Soybeanoil 21.0 13.3 18.0
Lard – 20.0 25.0
Feed salt 3.0 3.0 2.8
Groundlimestone 10.9 9.5 8.5
Monocalciumphosphate 11.5 9.4 6.3
DL-Methionine 2.5 1.8 1.3
L-Lysine 3.2 3.2 2.7
L-Threonine 0.6 0.9 0.5
Vitamin-mineral premix1 5.0 5.0 5.0

Calculated nutrient level2

AME, kcal/kg 2980 3100 3200
Crude protein 220.0 205.0 195.0
Crude fat 60.9 77.0 90.4
Lysine 13.5 12.5 11.5
Methionine + Cystine 9.5 8.5 7.8
Calcium 9.0 8.0 7.0
Phosphorus 4.0 3.5 2.8
Sodium 1.4 1.4 1.3

1 Supplied the following per kilogram of diets: Vitamin A – 12,500 IU, Vitamin D3 – 4,500 IU, Vitamin E – 45 mg, Vitamin K3 –
3 mg, Vitamin B1 – 3 mg, Vitamin B2 – 6 mg, Vitamin B6 – 4 mg, Pantothenic acid – 14 mg, Nicotinic acid – 50 mg, Folic acid –
1.75 mg, Choline – 1.6 g, Vitamin B12 – 0.02 mg, biotin – 0.2 mg, Fe – 50 mg, Mn – 120 mg, Zn – 100 mg, Cu – 15 mg, I – 1.2 mg,
Se – 0.3 mg, fitase – 500 FTU, diclazuril – 1 mg (only in starter and grower diets).
2 Estimation based on the Polish feedstuff analysis tables (SMULIKOWSKA & RUTKOWSKI 2005).
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samples were collected at the same hour (8:00 ± 30 min)
to minimize the effect of circadian rhythm. The
material obtained was centrifuged for 15 min. at
1500 g/min at 4°C. After centrifugation, plasma
was carefully transferred into Eppendorf® tubes
and stored at -80°C until analysis. No samples
were excluded because of hemolysis, and no re-
peated freeze-thaw cycles were performed before
analysis.

samples were collected at the same hour (8:00 ± 30 min)
to minimize the effect of circadian rhythm. The
material obtained was centrifuged for 15 min. at
1500 g/min at 4°C. After centrifugation, plasma
was carefully transferred into Eppendorf® tubes
and stored at -80°C until analysis. No samples
were excluded because of hemolysis, and no re-
peated freeze-thaw cycles were performed before
analysis.

Measurement of TF and TFPI

For this study, plasma levels of chicken total tissue
factor (TF) and chicken total tissue factor pathway
inhibitor (TFPI) were determined. Commercially
available highly sensitive enzyme-linked immu-
nosorbent (ELISA) kits were used according to the
manufacturers’ instructions (BlueGene Biotech,
Shanghai, China). Absorbance was read on a plate
reader (Multiskan EX, Thermo Fisher Scientific
Inc., Waltham, USA). The optical density of the fi-
nal reaction plate was detected at 450 nm wave-
length. Levels were expressed as pg/ml for TF and
as ng/ml for TFPI. The estimation of TF and TFPI
levels were done at the Department of Pathophysi-
ology, Collegium Medicum of Nicolaus Copernicus
University. To minimize assay variance, plasma
hemostatic markers were measured in each indi-
vidual on the same day.

TF and TFPI kits apply the competitive enzyme
immunoassay technique utilizing a monoclonal
anti-TF or anti-TFPI antibody and an TF-HRP
(horseradish peroxidase) or TFPI-HRP conjugate.
The plasma sample and buffer are incubated to-
gether with TF-HRP or TFPI-HRP conjugate in
a pre-coated plate for one hour. After the incuba-
tion period, the wells are decanted and washed five
times. The wells are then incubated with a sub-
strate for HRP enzyme. The product of the
enzyme-substrate reaction forms a blue colored
complex. Finally, a stop solution is added to stop
the reaction, which will then turn the solution yel-
low. The intensity of the color is inversely propor-
tional to the TF or TFPI levels since TF or TFPI
from plasma samples and TF-HRP or TFPI-HRP
conjugate compete for the anti-TF or anti-TFPI an-
tibody binding site. Since the number of sites is
limited, as more sites are occupied by TF or TFPI
from the sample, fewer sites are left to bind
TF-HRP or TFPI-HRP conjugate. The sensitivity
of the kits are 1.0 pg/ml TF and 0.1 ng/ml TFPI, re-
spectively. The intra-assay and inter-assay varia-
tion coefficients for both tests are below 10%.
These assays have high sensitivity and excellent
specificity for detection of TF and TFPI. No sig-
nificant cross-reactivity or interference between
TF, TFPI and analogues are observed.

Determination of prothrombin time

Prothrombin time was determined by the method
of QUICK (1935) using Dia-PT Liquid reagent (cat.
no. 82024; lot 931206; Diagon® Ltd, Budapest,
Hungary) and a K-3002 Optic semi-automated co-
agulometer (Kselmed s.c., Grudzi¹dz, Poland).
Each sample was determined in duplicate. The re-
sults are expressed in seconds after calculating the
arithmetic mean from two determinations. The re-
sults were measured to the nearest 0.1 s, and the
maximum coefficient of variation was 6%.

Determination of activated partial thromboplastin
time

Activated partial thromboplastin time was deter-
mined using Dia-PTT Liquid (cat. no. 72024; lot
931005; Diagon® Ltd, Hungary, Budapest) and
Dia-CaCl2 reagents (cat. no. 41048; Diagon® Ltd.,
Budapest, Hungary) and a K-3002 Optic semi-
automated coagulometer (Kselmed s.c., Grudzi¹dz,
Poland). Each sample was determined in dupli-
cate. The results are given in seconds after calcu-
lating the arithmetic mean from two determinations.
The results were measured to the nearest 0.1 s and
the maximum coefficient of variation was 6%.

Determination of fibrinogen

Fibrinogen concentration was determined by the
chronometric method of CLAUSS (1957) using
Dia-FIB (cat. no. 61024; lot 930910; Diagon®

Ltd., Budapest, Hungary) and Dia-Imidazol rea-
gents (cat. no. 21180; Diagon® Ltd, Budapest,
Hungary) and a K-3002 Optic semi-automated co-
agulometer (Kselmed s.c., Grudzi¹dz, Poland).
The maximum coefficient of variation was 6%.
Each sample was determined in duplicate. Fibrino-
gen values are expressed in g/l after calculating the
arithmetic mean from two determinations.

Statistical Methods

Statistical analysis was carried out using
STATISTICA® 12.0 (StatSoft, Kraków, Poland).
The Shapiro-Wilk test was used for testing nor-
mality of data distribution. For each dependent
variable, Levene’s test was used to determine ho-
mogeneity of variance. For hemostasis parame-
ters, which demonstrated a normal distribution and
homogeneity of variance, the data are expressed as
mean (X) and standard deviation (SD). The groups
were compared using ANOVA. Significance of
differences between groups was verified using
Tukey’s test. For hemostasis parameters, which
demonstrated abnormal distribution or heteroge-
neity of variance, the data are expressed as a me-
dian (Me) and quartiles (Q1; Q3). The groups were
compared using the Kruskal-Wallis test. Then
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multiple comparisons of mean ranks for all groups
were performed. A probability value of less than
0.05 was considered to be statistically significant.

Results

Total TF levels in plasma of broiler chickens at
different days of age are shown in Table 2. Firstly,
there were no differences in TF levels between
days in the control group. In the Bi2tos, DiNovo®

and RFO groups, similar high TF levels were ob-
served on days 21 and 42 and both were signifi-
cantly higher compared to the 1st day of life

(P=0.001; P=0.026; P=0.007, respectively) (increase
in the starter phase).

The administration of prebiotics had no signifi-
cant effect on total TF levels between the age
groups(1, 21, 42 day of rearing) (Table 3).

Total plasma levels of TFPI in broiler chickens
on consecutive days of life are given in Table 4.
Surprisingly, in the control group we found a sig-
nificant difference in TFPI levels (P=0.002), with
the lowest median on 21 day. In the Bi2tos group,
TFPI was absent on the first day, then its level rose
significantly on the 42nd day (P=0.006). In turn, in
the DiNovo® group TFPI levels were significantly
higher on day 1 compared to 21 and 42 days of age

Table 2

Variability of total tissue factor (TF; pg/ml) levels in broiler chickens depending on age (N=15)

Group Control Bi2tos DiNovo® RFO
Age X SD X SD Me Q1; Q3 Me Q1; Q3

1 day 57.03 22.32 39.21 A 9.15 29.90 a 21.01; 76.75 30.13 a 22.19; 40.92
21 day 82.53 26.66 77.38 B 30.76 96.85 b 90.20; 106.19 80.24 b 43.50; 111.10
42 day 81.15 14.28 110.08 C 29.42 89.21b 75.87; 124.20 81.42 b 71.26; 96.15
P value 0.072 0.001 0.026 0.007

Me = median; Q1, Q3 = 1st and 3rd quartiles; X = arithmetic mean; SD = standard deviation.
Means/Medians with different letters differ significantly at P<0.05 (a,b,c), P<0.01 (a,b,c) or P<0.001 (A,B,C).

Table 3

Variability of total tissue factor (TF; pg/ml) levels in broiler chickens depending on prebi-
otic administration (N=15)

Age 1 day 21 day 42 day
Group Me Q1; Q3 Me Q1; Q3 X SD

Control 59.64 45.87; 65.60 97.73 57.71; 103.55 81.15 14.28
Bi2tos 37.53 35.67; 40.32 74.12 57.71; 111.88 110.08 29.43
DiNovo® 29.90 21.01; 76.75 96.85 90.20; 106.19 96.75 22.89
RFO 30.13 22.19; 40.92 80.24 43.50; 111.10 81.75 16.93
P value 0.140 0.780 0.060

Me = median; Q1, Q3 = 1st and 3rd quartiles; X = arithmetic mean; SD = standard deviation.

Table 4

Variability of total tissue factor pathway inhibitor (TFPI; ng/ml) levels in broiler chickens
depending on age (N=15)

Group Control Bi2tos DiNovo® RFO
Age Me Q1; Q3 Me Q1; Q3 X SD Me Q1; Q3

1 day 0.40 a 0.29; 0.60 0.00 a 0.00; 0.00 0.32 a 0.08 0.25 0.19; 0.41
21 day 0.10 b 0.00; 0.20 0.21ab 0.00; 0.36 0.13 b 0.11 0.21 0.04; 0.35
42 day 0.29 c 0.22; 0.36 0.25 b 0.12; 0.44 0.13 b 0.08 0.18 0.15; 0.29
P value 0.002 0.006 0.002 0.840

Me = median; Q1, Q3 = 1st and 3rd quartiles; X = arithmetic mean; SD = standard deviation.
Means/Medians with different letters differ significantly at P<0.01 (a,b,c).
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(P=0.002). We failed to find a difference in plasma
TFPI levels between days of rearing in the RFO
group.

Table 5 presents variation in total TFPI levels
between all groups at a particular age. An interest-
ing observation regards TFPI levels on day 1 of
age, depending on in ovo prebiotic injection: in the
Bi2tos group TFPI was not detected in the plasma
samples. In contrast, TFPI was present in other
groups, in considerable amounts (0.25-0.40 ng/ml).
The levels of this protein did not differ signifi-
cantly between the groups at both 21 and 42 days
of rearing.

Tables 6, 7 and 8 present variation in PT, aPTT,
and fibrinogen concentration in the experimental
groups depending on the age of broiler chickens.
The observations made from hatching to 21 days
of age indicate significant changes in the hemo-
static system of the control chickens (P=0.01), in
which PT and aPTT increased and fibrinogen con-
centration decreased. In the Bi2tos group, PT did
not change throughout rearing (Table 6). As in the
control group, aPTT showed a tendency for longer
duration (Table 7). Fibrinogen concentration was
significantly lower (P=0.043) on day 21 of age
compared to the values on days 1 and 42 of age
(Table 8). On the last day of rearing in the Bi2tos

Table 5

Variability of total tissue factor pathway inhibitor (TFPI; ng/ml) levels in broiler chickens
depending on prebiotic administration (N=15)

Age 1 day 21 day 42 day
Group Me Q1; Q3 Me Q1; Q3 X SD

Control 0.40 A 0.29; 0.60 0.10 0.00; 0.20 0.27 0.13
Bi2tos 0.00 B 0.00; 0.00 0.21 0.00; 0.36 0.27 0.14
DiNovo® 0.32 A 0.25; 0.39 0.11 0.00; 0.24 0.13 0.08
RFO 0.25 A 0.19; 0.41 0.21 0.04; 0.35 0.22 0.10
P value 0.001 0.430 0.120

Me = median; Q1, Q3 = 1st and 3rd quartiles; X = arithmetic mean; SD = standard deviation.
Means/Medians with different letters differ significantly at P<0.001 (A,B,C).

Table 6

Variability of prothrombin time (PT; s) in broiler chickens depending on age (N=15)

Group Control Bi2tos DiNovo® RFO
Age Me Q1; Q3 X SD Me Q1; Q3 Me Q1; Q3

1 day 52.10 A 40.10; 53.10 99.08 25.94 46.60 A 42.50; 57.40 >300 a –
21 day 139.50 B 107.00; 201.30 126.98 42.81 123.70 A 114.90; 168.00 96.40 b 80.15; 147.95
42 day 172.80 B 140.50; 202.50 109.23 57.46 >300 B – 146.60 b 107.40; 230.80
P value 0.001 0.400 0.001 0.003

Me = median; Q1, Q3 = 1st and 3rd quartiles; X = arithmetic mean; SD = standard deviation.
Means/Medians with different letters differ significantly at P<0.01 (a,b,c) or P<0.001 (A,B,C).

Table 7

Variability of activated partial thromboplastin time (aPTT; s) in broiler chickens depending
on age (N=15)

Group Control Bi2tos DiNovo® RFO
Age Me Q1; Q3 Me Q1; Q3 Me Q1; Q3 Me Q1; Q3

1 day 41.85 A 31.95; 54.45 46.40 A 39.60; 51.10 47.60 A 44.00; 54.10 51.70 A 41.80; 63.50
21 day 110.50 B 76.10; 125.90 69.05 A 52.40; 100.00 121.70 B 91.70; 166.10 119.25 B 83.30; 164.40
42 day 160.60 B 131.10; 182.35 156.50 B 124.80; 171.10 166.00 B 137.00; 195.00 138.10 B 69.70; 171.10
P value 0.001 0.001 0.001 0.001

Me = median; Q1, Q3 = 1st and 3rd quartiles.
Means/Medians with different letters differ significantly at P<0.001 (A,B,C).
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group, aPTT values were significantly higher
(P=0.001) than on days 1 and 21 (Table 7). In the
DiNovo® group, PT was significantly longer
(P=0.001) on day 42 of age compared to day 1 (Ta-
ble 6). aPTT was longer on days 21 and 42 of age
than on day 1, as in other groups (Table 7). In the
DiNovo® group, fibrinogen concentration in-
creased with the age of birds, but the differences
were not significant (Table 8). In the RFO group,
PT was significantly longer on the 1st day (P=0.003)
than on days 21 and 42 (Table 6). On days 21 and 42

in the RFO group, the aPTT value increased with
the age of birds similar to control and DiNovo®

groups (Table 7). In the RFO group, fibrinogen
concentration on day 42 of age was significantly
lower (P= 0.001) than on days 1 and 21 (Table 8).

Tables 9, 10 and 11 show variation in PT, aPTT,
and fibrinogen concentrations on different days of
rearing depending on the prebiotic used. On day 1
of rearing, RFO had a significant effect (P= 0.001)
on elongating PT in all individuals in this group
(6 times) in relation to the same values in all indi-

Table 8

Variability of fibrinogen concentration (g/l) in broiler chickens depending on age (N=15)

Group Control Bi2tos DiNovo® RFO
Age X SD Me Q1; Q3 Me Q1; Q3 Me Q1; Q3

1 day 4.57 a 0.74 4.66 a 4.24; 4.94 3.80 3.68; 3.90 4.56 A 4.48; 4.96
21 day 3.92 b 0.79 3.78 b 3.62; 4.72 4.00 3.60; 4.77 4.60 A 4.16; 5.50
42 day 3.94ab 0.41 4.37 a 3.92; 4.67 4.44 3.76; 4.98 3.66 B 3.62; 3.76
P value 0.011 0.043 0.080 0.001

Me = median; Q1, Q3 = 1st and 3rd quartiles; X = arithmetic mean; SD = standard deviation.
Means/Medians with different letters differ significantly at P<0.05 (a,b,c) or P<0.001 (A,B,C).

Table 9

Variability of prothrombin time (PT; s) in broiler chickens depending on prebiotic admini-
stration (N=15)

Age 1 day 21 day 42 day
Group Me Q1; Q3 X SD Me Q1; Q3

Control 52.10 A 40.10; 53.10 156.43 58.05 172.80 a 140.50; 202.50
Bi2tos 98.08 A 77.30; 105.10 126.98 42.81 112.30 a 50.30; 165.10
DiNovo® 46.60 A 42.50; 57.40 128.69 39.03 >300 b -
RFO >300 B – 114.05 50.47 146.60 a 107.40; 230.80
P value 0.001 0.470 0.031

Me = median; Q1, Q3 = 1st and 3rd quartiles; X = arithmetic mean; SD = standard deviation.
Means/Medians with different letters differ significantly at P<0.05 (a,b,c) or P<0.001 (A,B,C).

Table 10

Variability of activated partial thromboplastin time (aPTT; s) in broiler chickens depend-
ing on prebiotic (N=15)

Age 1 day 21 day 42 day
Group Me Q1; Q3 X SD X SD

Control 41.85 31.95; 54.45 105.98 ab 39.71 158.37 40.95
Bi2tos 46.40 39.60; 51.10 76.44 a 32.13 144.04 44.18
DiNovo® 47.60 44.00; 54.10 126.92 b 51.81 166.00 29.00
RFO 51.70 41.80; 63.50 124.03 b 45.14 126.30 51.72
P value 0.130 0.005 0.520

Me = median; Q1, Q3 = 1st and 3rd quartiles; ‘X = arithmetic mean; SD = standard deviation.
Means/Medians with different letters differ significantly at P<0.01 (a,b,c) .
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viduals in control and DiNovo® groups. aPTT was
similar in all the groups under analysis (Table 10).
Fibrinogen concentration in 1-day-old broiler
chickens, which had been administered in ovo with
DiNovo®, was significantly lower (P= 0.001) than
in the control group and in other experimental
groups (Table 11). On day 21 of age, PT values
were similar in all the compared groups (Table 9).
In turn, aPTT values in the group of chickens that
received Bi2tos prebiotic were significantly lower
(P= 0.005) compared to other groups (Table 10).
On the same day of rearing, significantly higher
(P= 0.010) fibrinogen values were observed in the
RFO group compared with the control and Bi2tos
group (Table 11). On the last day of life, PT was
significantly longer (2 times; P= 0.031) in the Di-
Novo® group compared to other groups, whose
values were comparable (Table 9). aPTT was simi-
lar in all the analyzed groups (Table 10). Signifi-
cantly lower (P= 0.001) fibrinogen concentrations
were noted in the RFO group compared to the
Bi2tos and DiNovo® groups (Table 11).

Discussion

The main conclusions from this study are as fol-
lows: (1) total TF levels increased with age in all
experimental groups with prebiotics, mostly in the
first stage, (2) type of prebiotic did not have a sig-
nificant effect on TF levels in chickens of the same
age, (3) total TFPI levels differed between both the
type of in ovo injected substances and the age of
chickens, but these differences did not form a co-
herent pattern, (4) in the control group, PT and
aPTT increased in duration with age in the first
part of the experiment (1-21 days) and fibrinogen
concentration decreased, (5) the analysed parame-
ters vary with the prebiotics administered in ovo as
well as with the age of broiler chickens.

To the best of our knowledge, this is the first
study to show the effect of in ovo administration of
prebiotics on the plasma levels of TF and TFPI in
broiler chickens. However, the relationship be-
tween prebiotics and the TF-TFPI axis in broiler
chickens is still unknown. Tissue factor is released
to the circulation by miscellaneous types of vessel
wall cells, as in the monocytes-macrophages sys-
tem. Experimental and clinical evidence strongly
suggests that increased blood TF levels are associ-
ated with injury or activation of the aforemen-
tioned cell types (OWENS III & MACKMAN 2012;
RAO&PENDURTHI 2012;PROCHAZKOVA etal.2015).
Proinflammatory cytokines, such as interleukin-6
(IL-6), IL-1â, and tumor necrosis factor alpha
(TNF-á) are known to increase the expression of
TF, leading to an activation of the coagulation sys-
tem (LUTHER et al. 1996; PAWLINSKI et al. 2004;
MURAMOTO et al. 2006). An animal study demon-
strated the age-related increase in TF activity in
healthy rats (HAN & RHEE 1998). Based on these
observations, we speculate that the rapid growth of
broiler chickens leads to the inflammatory damage
of tissue cells, resulting in the elevation of total TF
blood levels. Nonetheless, this conclusion should
be confirmed with a larger number of animals, and
by performing tests on inflammatory factors and
infections in the consecutive days of age in chick-
ens, and by purity analysis of feed.

In this study, we show that prebiotics adminis-
trated in ovo have differentiated effects on total
TFPI levels, and these impacts may also be associ-
ated with the age of the animal. This is an impor-
tant consideration as it is well known that this
glycoprotein is the paramount physiological in-
hibitor of blood coagulation (KOTSCHY et al. 2010;
REGLIÑSKA-MATVEYEV et al. 2014), however the
enhancement of TFPI in some cases could be a kind
of defensive response of the chicken as a result of
increased TF. A particularly interesting observa-
tion concerns Bi2tos prebiotic, which resulted in

Table 11

Variability of fibrinogen concentration (g/l) in broiler chickens depending on prebiotic
(N=15)

Age 1 day 21 day 42 day
Group Me Q1; Q3 Me Q1; Q3 Me Q1; Q3

Control 4.46 A 3.98; 5.00 3.80 b 3.58; 4.04 3.80 AB 3.66; 4.10
Bi2tos 4.66 A 4.24; 4.94 3.78 b 3.62; 4.72 4.37 A 3.92; 4.67
DiNovo® 3.80 B 3.68; 3.90 4.00 a,b 3.60; 4.77 4.44 A 3.76; 4.98
RFO 4.56 A 4.48; 4.96 4.60 a 4.16; 5.50 3.66 B 3.62; 3.76
P value 0.001 0.010 0.001

Me = median; Q1, Q3 = 1st and 3rd quartiles.
Medians with different letters differ significantly at P<0.05 (a,b,c) or P<0.001 (A,B,C).
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no TFPI being detected in the plasma of one day
old broiler chickens. According to PEDERSEN et al.
(2005), the lack of TFPI in humans leads to un-
regulated activity of the TF/FVIIa complex, which
results in disseminated intravascular coagulopathy
and secondary bleeding.

However, in poultry this problem should be con-
sidered from a slightly different angle. Consider-
ing the quality of meat, it is rather important to
avoid bleeding even by the cost of enhanced blood
coagulation (KRANEN et al. 2000a, 2000b). Minor
deficiency of TFPI would prevent hematomas in
the muscles, but a lower level of TF could stimu-
late bleeding. Disseminated intravascular coagu-
lopathy could possibly be a problem in the case of
extreme imbalance on the side of TF/FVIIa lead-
ing to consumption of coagulation factors and
bleeding, which was reported a few times in birds
mostly in cases of pathogen infections, but small
shifts in the hemostasis balance of chicken by low-
ering TFPI and enhancing of TF caused by prebi-
otics might have a positive effect on overall
production without contributing to disseminated
intravascular coagulopathy or other blood coagu-
lation disturbances (SHIBATANI et al. 1997;
MURAMOTO et al. 2006; MORIS 2015; SUBA et al.
2015). Notwithstanding, this observed effect of
probiotics in broiler chickens still remains unclear
and undoubtedly this issue must be understood.

Hemostasis research in birds is difficult due to
the methodology used. In laboratory tests, the use
of heterologous thromboplastins (DOERR et al.
1975; LEWIS 1996; PLISZCZAK-KROL et al. 2012)
may cause PT to be longer by almost 3 times com-
pared to homologous thromboplastin (GRIMINGER
1970; GLAZUNOVA 1972; DOERR et al. 1975;
FERNANDEZ et al. 1995; LEWIS 1996; BALDIZÁN
et al. 2010; ZERYEHUN et al. 2012) and this phe-
nomenon could also be observed in some of our re-
sults. GRIMINGER et al. (1970) confirmed that
vitamin K deficiency impairs the synthesis of
plasma clotting proteins (II, VII, IX, X), which
was also reflected in significantly prolonged PT.
The present study demonstrated that all prebiotics
caused major changes except Bi2tos. Because of
between-species differences in the sequences of
clotting proteins, heterologous thromboplastin has
lower affinity to interact with chicken factor VII to
produce a reactive enzyme complex, which can
initiate thrombin generation through the activation
of factor X (LEWIS 1996; THOMSON et al. 2002).
Because chicken homologous prothrombin is not
commercially available, in the present study we
used tissue thromboplastin from rabbit brain as
a reagent. The PT values obtained in the present
study are similar to the values reported by other
authors (26.5-158.0 s.) who used rabbit tissue
thromboplastins in poultry (DOERR et al. 1975;

LEWIS 1996; PLISZCZAK-KROL et al. 2012;
TAKAHIRA et al. 2012). Another factor potentially
influencing PT value is the temperature of analy-
sis. In animals, many physiological functions de-
pend on species-specific body temperature. The
mean temperature used to evaluate hemostatic pa-
rameters in screening tests is 37°C, but avian body
temperature is close to 41.1°C. Following the ob-
servations of TAKAHIRA et al. (2012), who showed
no effect of temperature on PT, we performed the
analyses at 37°C.

Our analysis of aPTT in poultry showed that it
increased during the growth of the chickens. Other
authors (DOERR & HAMILTON 1981; LEWIS 1996;
SHIBATANI et al. 1997; PLISZCZAK-KROL et al.
2012; ZERYEHUN et al. 2012) reported aPTT to
vary widely (from 25 s to more than 120 s) in
broiler chickens and in some of our results it was
higher at 200 s, which can result from lack of co-
agulation factor XII and mammalian-like activa-
tion of blood coagulation by contact on a negative
charged surface. Our experiment showed that
aPTT in both the control group and in the prebiotic
groups increased with age of the chickens. In con-
clusion we can state that the prebiotics used in this
study had no effect on this mechanism.

A longer aPTT is associated with deficiency of
blood coagulation factors (VIII, IX, XI, X and II)
or can be induced by the presence of circulating
antibodies against coagulation factors. The aPTT
was found to increase in duration in chickens ex-
perimentally infected with bursal disease virus and
in those infected with Erysipelothrix rhusio-
pathiae bacteria, which cause erysipelas in poultry
(SHIBATANI et al. 1997; ZERYEHUN et al. 2012).
However, the present study does not define the
mechanisms involved with the significant elonga-
tion of aPTT (2-3 times).

A review of literature indicates that plasma fi-
brinogen concentration in poultry is 0.16-3.38 g/l
(SHIBATANI et al. 1997; BALDIZÁN et al. 2010;
NAZIFI et al. 2010; PLISZCZAK-KROL et al. 2012).
The fibrinogen concentrations obtained in the
present study fall within the upper range of values
and agree with the observations of other authors
(PLISZCZAK-KROL et al. 2012).

Interpretation of our results is hampered by the
lack of detailed information concerning the com-
position of the prebiotics, which prevents accurate
determination of whether the substances found in
the prebiotic may affect hemostasis. It would also
be important to keep control of chicken health pa-
rameters (bacterial or fungal infections, symptoms
such as cuts and bruises, the rate of healing of inju-
ries). In addition, we give the following recommen-
dations: checking the feed for any contamination
or harmful substances and the absorption of vita-
mins, as well as control of the interaction of age
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and changing of feed composition. It is equally im-
portant to examine the composition and possible
contamination of prebiotics (including among oth-
ers the potential impact of allergenic substances).

Acknowledgments

The authors declare no conflicts of interest with
respect to the authorship and/or publication of this
article. None of the collaboration partners had a
role in the design and analysis of the present study
or in the writing of this article. We are grateful to
anonymous reviewers for providing useful
comments on the draft manuscript.

References

ALLOUI M.N., SZCZUREK W., ŒWI¥TKIEWICZ S. 2013. Use-
fulness of prebiotics and probiotics in modern poultry nutri-
tion: a review. Ann. Anim. Sci. 13: 17-32.

BALDIZÁN G., OVIEDO M., MICHELANGELI C., VARGAS R.E.
2010. Effects of peach palm oil on performance, serum lipo-
proteins and haemostasis in broilers. Br. Poult. Sci. 51:
784-790.

BEDNARCZYK M., STADNICKA K., KOZ£OWSKA I., ABIUSO C.,
TAVANIELLO S., DANKOWIAKOWSKA A., S³AWIÑSKA A.,
MAIORANO G. 2016. Influence of different prebiotics and
mode of their administration on broiler chicken perform-
ance. Animal 10: 1271-1279.

BEDNARCZYK M., URBANOWSKI M., GULEWICZ P., KAS-
PERCZYK K., MAIORANO G., SZWACZKOWSKI T. 2011.
Field and in vitro study on prebiotic effect of raffinose family
oligosaccharides in chickens. Bull. Vet. Inst. Pulawy 55:
465-469.

CASTANON J.I.R. 2007. History of the use of antibiotic as
growth promoters in European poultry feeds. Poult. Sci. 86:
2466-2471.

CLAUSS A. 1957. Gerinnungsphysiologische Schnellmethode
zur Bestimmung des Fibrinogens. Acta Haematologica 17:
237-246.

DANESHYAR M., GEUNS J.M.C., WILLEMSEN H., ANSARI Z.,
DARRAS V.M., BUYSE J.G., EVERAERT N. 2011. Evaluation
of dietary stevioside supplementation on anti-human serum
albumin immunoglobulin G, alpha-1-glycoprotein, body
weight and thyroid hormones in broiler chickens. J. Anim.
Physiol. Anim. Nutr. 96: 627-633.

DOERR J.A., HAMILTON P.B. 1981. New evidence for intrin-
sic blood coagulation in chickens. Poult. Sci. 60: 237-242.

DOERR J.A., HUFF W.E., TUNG H.T., WYATT R.D., HAMIL-
TON P.B. 1974. A survey of T-2 toxin, ochratoxin, and afla-
toxin for their effects on the coagulation of blood in young
broiler chickens. Poult. Sci. 53: 1728-1734.

DOERR J.A., WYATT R.D., HAMILTON P.B. 1975. Investiga-
tion and standardization of prothrombin times in chickens.
Poult. Sci. 54: 969-980.

DOOLITTLE R.F., JIANG Y., NAND J. 2008. Genomic evidence
for a simpler clotting scheme in jawless vertebrates. J. Mol.
Evol. 66: 185-196.

FERNANDEZ A., VERDE M.T., GOMEZ J., GASCON M.,
RAMOS J.J. 1995. Changes in the prothrombin time, haema-
tology and serum proteins during experimental aflatoxicosis
in hens and broiler chickens. Res. Vet. Sci. 58: 119-122.

GENTRY P.A. 2004. Comparative aspects of blood coagula-
tion. Vet. J. 168: 238-251.

GIBSON G.R., ROBERFROID M.B. 1995. Dietary modulation
of the human colonie microbiota: introducing the concept of
prebiotics. J. Nutr. 125: 1401-1412.

GLAZUNOVA G.A. 1972. Variation in external mechanism of
prothrombinase formation in different species of verte-
brates. Bull. Exp. Biol. Med. 74: 753-755.

GRIMINGER P., SHUM Y.S., BUDOWSKI P. 1970. Effect of die-
tary vitamin K on avian brain thromboplastin activity. Poult.
Sci. 49: 1681-1686.

GULEWICZ P., CIESIO£KA D., FRIAS J., VIDAL-VALVEDRE C.,
FREJNAGEL S., TROJANOWSKA K., GULEWICZ K. 2000.
Simple method of isolation and purification of á-galact-
osides from legumes. J. Agric. Food Chem. 48: 3120-3123.

HAN Y.N., RHEE I.K. 1998. Changes of tissue factor activity
on inflammatory stimulus and aging in rat. Arch. Pharm.
Res. 21: 549-554.

HERICHOVÁ I., ZEMAN M., MACKOVÁ M., GRIAÈ P. 2001.
Rhythms of the pineal N-acetyltransferase mRNA and mela-
tonin concentrations during embryonic and post-embryonic
development in chicken. Neurosci. Lett. 298: 123-126.

HOLROYD E.W., CHIR B., WHITE T.A., PAN S., SIMARI R.D.
2012. Tissue factor pathway inhibitor as a multifunctional
mediator of vascular structure. Front. Biosci. 4: 392-400.

HUYGHEBAERT G., DUCATELLE R., IMMERSEEL F.V. 2011.
An update on alternatives to antimicrobial growth promoters
for broilers. Vet. J. 187: 182-188.

KASTHURI R.S., GLOVER S.L., BOLES J., MACKMAN N.
2010. Tissue factor and tissue factor pathway inhibitor as
key regulators of global hemostasis: measurement of their
levels in coagulation assays. Semin. Thromb. Hemost. 36:
764-771.

KIM S., CARRILLO M., KULKARNI V., JAGADEESWARAN P.
2009. Evolution of primary hemostasis in early vertebrates.
PLoS ONE 4: e8403.

KOTSCHY M., KOTSCHY D., WITKIEWICZ W. 2010. The role
of tissue factor and tissue factor pathway inhibitor in blood
coagulation and in thrombotic complications. Kardiol. Pol.
68: 1158-1162.

KRANEN R.W., LAMBOOIJ E., VEERKAMP C.H., VAN KUP-
PEVELT T.H., VEERKAMP J.H. 2000a. Haemorrhages in mus-
cles of broiler chickens. World’s Poult. Sci. J. 56: 93-126.

KRANEN R.W., LAMBOOY E., VEERKAMP C.H., VAN KUP-
PEVELT T.H., VEERKAMP J.H. 2000b. Histological charac-
terization of hemorrhages in muscles of broiler chickens.
Poult. Sci. 79: 110-116.

LEWIS J.H. 1996. Comparative hemostasis in vertebrates.
Springer Science-Business Media New York. Pp. 97-114.

LUTHER T., FLOSSEL C., MACKMAN N., BIERHAUS A., KAS-
PER M., ALBRECHT S., SAGE E.H., IRUELA-ARISPE L.,
GROSSMANN H., STRÖHLEIN A., ZHANG Y., NAWROTH
P.P., CARMELIET P., LOSKUTOFF D.J., MÜLLER M. 1996.
Tissue factor expression during human and mouse develop-
ment. Am. J. Pathol. 149: 101-113.

MAIORANO G., SOBOLEWSKA A., CIANCIULLO D., WALASIK K.,
ELMINOWSKA-WENDA G., S£AWIÑSKA A., TAVANIELLO S.,
¯YLIÑSKA J., BARDOWSKI J., BEDNARCZYK M. 2012. In-
fluence of in ovo prebiotic and synbiotics administration on
meat quality of broiler chickens. Poult. Sci. 91: 2963-2969.

MORIS D. 2015. eComment: Treating endoleak type 2 and dis-
seminated intravascular coagulopathy after EVAR with
tranexamic acid: the efficacy of killing two birds with one
stone. Interact. Cardiovasc. Thorac. Surg. 21: 268.

MURAMOTO Y., OZAKI H., TAKADA A., PARK C.-H., SUN-
DEN Y., UMEMURA T., KAWAOKA Y., MATSUDA H., KIDA H.
2006. Highly pathogenic H5N1 influenza virus causes co-
agulopathy in chickens. Microbiol. Immunol. 50: 73-81.

NAZIFI S., DADRAS H., HOSEINIAN S.A., ANSARI-LARI M.,
MASOUDIAN M. 2010. Measuring acute phase proteins
(haptoglobin, ceruloplasmin, serum amyloid A, and fibrino-

Hemostasis in Broiler Chickens 223



gen) in healthy and infectious bursal disease virus-infected
chicks. Comp. Clin. Pathol. 19: 283-286.

OWENS III A.P., MACKMAN N. 2010. Tissue factor and
thrombosis: the clot starts here. Thromb. Haemost. 104:
432-439.

OWENS III A.P., MACKMAN N. 2012. Role of tissue factor in
atherothrombosis. Curr. Atheroscler. Rep. 14: 394-401.

PATTERSON J.A., BURKHOLDER K.M. 2003. Application of
prebiotics and probiotics in poultry production. Poult. Sci.
82: 627-631.

PAWLINSKI R., PEDERSEN B., SCHABBAUER G., TENCATI M.,
HOLSCHER T., BOISVERT W., ANDRADE-GORDON P.,
FRANK R.D., MACKMAN N. 2004. Role of tissue factor and
protease-activated receptors in a mouse model of endotoxe-
mia. Blood 103: 1342-1347.

PEDERSEN B., HOLSCHER T., SATO Y., PAWLINSKI R.,
MACKMAN N. 2005. A balance between tissue factor and tis-
sue factor pathway inhibitor is required for embryonic devel-
opment and hemostasis in adult mice. Blood 105:
2777-2782.

PILARSKI R., BEDNARCZYK M., LISOWSKI M., RUTKOWSKI A.,
BERNACKI Z., GULEWICZ K. 2005. Prebiotic activity of�-gala-
ctosides injected during embryogenesis on selected chicken-
traits. Folia Biol. (Krak�w) 53: 13-20.

PLISZCZAK-KROL A., GRACZYK S., GEMRA M., IWASZKO-
SIMONIK A., KROL J. 2012. The influence of bacterial lipo-
polysaccharide (LPS) and adrenocorticotropic hormone
(ACTH) administration on coagulation processes in chick-
ens. Bulletin UASMV, Vet. Medicine 69: 224-225.

PONCZEK M.B., GAILANI D., DOOLITTLE R.F. 2008. Evolu-
tion of the contact phase of vertebrate blood coagulation.
J. Thromb. Haemos. 6: 1876-1883.

PROCHAZKOVA J., SLAVIK L., ULEHLOVA L., PROCHAZKA M.
2015. The role of tissue factor in normal pregnancy and in the
development of preeclampsia: a review. Biomed. Pap. Med.
Fac. Univ. Palacky Olomouc Czech Repub. 159: 192-196.

QUICK A.J. 1935. A study of the coagulation defect in haemo-
philia and in jaundice. Am. J. Med. Sci. 190: 501-510.

RAO L.V.M., PENDURTHI U.R. 2012. Regulation of tissue fac-
tor coagulant activity on cell surfaces. J. Thromb. Haemost.
10: 2242-2253.

REGLIÑSKA-MATVEYEV N.,ANDERSSONH.M.,REZENDE S.M.,
DAHLBÄCK B., CRAWLEY J.T.B., LANE D.A., AHNSTRÖM J.
2014. TFPI cofactor function of protein S: essential role of
the protein S SHBG-like domain. Blood 123: 3979-3987.

SHIBATANI M., SUZUKI T., CHUJO M., NAKAMURA K. 1997.
Disseminated intravascular coagulation in chickens inocu-
lated with Erysipelothrix rhusiopathiae. J. Comp. Pathol.
117: 147-156.

S£AWIÑSKA A., SIWEK M., BEDNARCZYK M. 2016. In vitro
screening of immunomodulatory properties of synbiotics in
chicken DT40 cell line. Anim. Sci. Pap. Rep. 34: 81-94.

S£AWIÑSKA A., SIWEK M., ZYLIÑSKA J., BARDOWSKI J.,
BRZEZIÑSKA J., GULEWICZ K.A., NOWAK M., URBA-
NOWSKI M., P£OWIEC A., BEDNARCZYK M. 2014b. Influ-
ence of synbiotics delivered in ovo on immune organs
development and structure. Folia Biol. (Krak�w) 62:
277-399.

S£AWIÑSKA A., SIWEK M., BEDNARCZYK M. 2014a. Effects
of synbiotics injected in ovo on regulation of immune-
related gene expression in adult chickens. Am. J. Vet. Res.
75: 997-1003.

SMULIKOWSKA S., RUTKOWSKI A. 2005. Nutrient require-
ments of poultry. The Kielanowski Institute of Animal
Physiology and Nutrition PAS, Jablonna, Poland.

SUBA S., NAGARAJAN S., SAXENA V.K., KUMAR M., VANA-
MAYYA P.R., RAJUKUMAR K., GOWTHAMAN V., JAIN V.,
SINGH D.P., DUBEY S.C. 2015. Pathology of a H5N1, highly
pathogenic avian influenza virus, in two Indian native
chicken breeds and a synthetic broiler line. Indian J. Exp.
Biol. 53: 202-207.

TAKAHIRAR.K., THOMAZINIC.M., TRENTINT.C., SARTORI J.R.
2012. Comparison of homologous and heterologous throm-
boplastin in avian prothrombin time in two different tem-
peratures. 63rd Annual Meeting of the American College of
Veterinary Pathologists and the 47th Annual Meeting of the
American Society of Veterinary Clinical Pathology, Decem-
ber 1-5, 2012, Seattle, Washington.

THOMSON A.E., SQUIRES E.J., GENTRY P.A. 2002. Assess-
ment of factor V, VII and X activities, the key coagulant pro-
teins of the tissue factor pathway in poultry plasma. Br.
Poult. Sci. 43: 313-321.

VILLALUENGA C.M., WARDEÑSKA M., PILARSKI R., BED-
NARCZYK M., GULEWICZ K. 2004. Utilization of chicken
embryo model for assessment of biological activity of differ-
ent oligosaccharides. Folia Biol. (Krak�w) 52: 136-142.

WIDEMAN R.F., RHOADS D.D., ERF G.F., ANTHONY N.B.
2013. Pulmonary arterial hypertension (ascites syndrome) in
broilers: a review. Poult. Sci. 92: 64-83.

WINCKERS K., TEN CATE H., HACKENG T.M. 2013. The role
of tissue factor pathway inhibitor in atherosclerosis and arte-
rial thrombosis. Blood Rev. 27: 119-132.

YEH E., WOOD R.D., LEESON S., SQUIRES E.J. 2009. Effect of
dietary omega-3 and omega-6 fatty acids on clotting activi-
ties of factor V, VII and X in Fatty Liver Haemorrhagic
Syndrome-susceptible laying hens. Br. Poult. Sci. 50:
382-392.

YEH E., WOOD R.D., SQUIRES E.J. 2008. Influence of plasma
lipid composition on activity of factors V, VII and X in Sin-
gle Comb White Leghorn and Fatty Liver Haemorrhagic
Syndrome-Susceptible laying hens. Br. Poult. Sci. 49:
760-769.

ZERYEHUN T., HAIR-BEJO M., RASEDEE A. 2012. Hemor-
rhagic and clotting abnormalities in infectious bursal disease
in specific-pathogen-free chicks. World Appl. Sci. J. 16:
1123-1130.

Hemostasis in Broiler Chickens 224



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


