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Abstract

Background and Aim: Stress significantly affects health and productivity of animals. There is need for affordable and easy-
to-assay markers of physiological stress in broilers. This study evaluated hematological and serum biochemical markers of
physiologic stress in broiler chickens.

Materials and Methods: Thirty day-old broiler chickens were assigned to three groups of ten broilers each during the
56-day study. Group 1 broilers served as the control and were not exposed to any stressors; Group 2 broilers were stocked
at the stress density of 50 kg BW m~ from day 49 to 56 while Group 3 broilers had their feed withdrawn 36 h before blood
collection on day 56. Blood samples were collected on day 49 (pre-stress sample) and day 56 (post-stress sample) from all
the birds and subjected to hematological and serum biochemical analysis.

Results: The parameters did not vary significantly (p>0.05) pre-stress. Post-stress, there were significant variations in
the heterophil, lymphocyte, and eosinophil counts and in the heterophil to lymphocyte ratio across the three groups. The
concentrations of the plasma fibrinogen and serum albumins, sodium, and sodium to potassium ratio of the broilers varied
significantly across the groups.

Conclusion: Heterophil, eosinophil, and lymphocyte counts, the heterophil to lymphocyte ratio, plasma fibrinogen, serum
albumin, sodium, and sodium to potassium ratio are significant markers of physiological stress in broilers.

Keywords: broiler chickens, hematology, physiological stress, serum biochemistry.

Introduction in broilers include weight loss, increased susceptibility
to diseases, increased feed conversion ratio, infertility
or subfertility, decreased livability, and immune sup-
pression. Constant and prolonged exposure to stress
can result in reduced productivity and death [4].

The need for affordable and easy-to-assay markers
of physiological stress in broilers is imperative for opti-
mum efficiency of poultry production. In the assessment
of stress responses, multiple markers have been pro-
posed. Corticosterone assays are labor-intensive, costly,
and require specialized expertise in their analysis; while
other techniques of assessing stress responses, such as
hematological and some serum biochemical markers,

Stress can be described as responses elicited by an
animal in a bid to adapt or protect itself from the adverse
effects of stressors [1]. Physiological stress in animals
can be caused by extreme temperature (heat or cold),
overcrowding or high stocking density, starvation (feed
and/or water deprivation or withdrawal), and harmful
handling such as restraint, noise, and transportation.
The exposure of birds to stressful conditions can lead to
immunological or metabolic consequences. Regression
of immune-protective organs (such as the thymus,
bursa, and spleen), downsizing of mitochondrial met-

abolic oxidative capacity, upregulation of avian uncou-
pling proteins, depletion of antioxidant reserves, and
alteration in the pattern of antioxidant enzyme activities
have been reported in chickens after experimental stress
induction [2,3]. The most common symptoms of stress
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are easier, cheaper, require less expertise/equipment,
and are less time-consuming. There is a need for more
information on the value and use of these low-cost sim-
ple to evaluate markers in poultry.

This study evaluated the hematological and clin-
ical biochemical markers of stress in broiler chickens
exposed to two different physiological stressors — food
deprivation and high stocking density.

Materials and Methods

Ethical approval
The birds were handled humanely all through
the study, and the experimental design and
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protocol for the use of the birds for research were
approved by the Institutional Animal Care and Use
Committee of the Faculty of Veterinary Medicine,
University of Nigeria Nsukka (Approval No.
FVM-UNN-IACUC-2019-0921).

Study location and period

The research was carried out at the Faculty of
Veterinary Medicine, University of Nigeria, Nsukka,
Enugu state, Nigeria. Nsukka is located at an altitude
of 400 m above sea level, on latitude 6° 51'E and lon-
gitude 7° 29 N. The study was conducted between the
months of December 2019 and January 2020.

Experimental animals and diets

Thirty male broiler chickens (CHI) procured
from CHI Company Ibadan, Nigeria, were used for the
study. They were kept in deep litter with drinkers and
standard feeding troughs. A basal diet was formulated
according to the recommendations for starter (1-28
days) and finisher (29-56 days) periods (Table-1) [5].

Experimental design

The birds were brooded together from days 1
to 14. At the end of the 14™ day, they were randomly
assigned to three groups (Groups 1, 2, and 3) of ten
birds each. Birds in Group 1 served as the control
and were housed at a standard stocking density of

Table-1: Ingredients and nutrients composition of starter
and finisher diets.

Ingredient (%) Starter Finisher
Maize 55.00 60.00
Soya bean meal 28.00 24.00
Fish meal 3.00 2.00
Palm kernel cake 10.30 15.30
Bone meal 3.00 3.00
Salt (NaCl) 0.25 0.25
Lysine 0.10 0.10
Methionine 0.10 0.10
*Premix 0.25 0.25
Total 100.00 100.00
Analyzed value (%)

Crude protein 21.41 19.85
Metabolizable energy (MJ/kg) 11.85 12.05
Ether extract 3.62 5.40
Crude fiber 4.38 5.60
Ash 6.54 6.30
Calcium 1.11 1.09
Phosphorus 0.86 0.80
*Lysine 1.12 1.02
*Methionine 0.55 0.45

Premix for Starter diet (per kg diet): Vitamin A 15,000 I.U,
Vitamin D, 13,000 I.U, thiamin 2 mg, Riboflavin 6 mg,
pyridoxine 4 mg, Niacin 40 mg, cobalamine 0.05 g, Biotin
0.08 mg, choline chloride 0.05 g, Manganese 0.096 g,
Zinc 0.06 g, Iron 0.024 g, Copper 0.006 g, Iodine 0.014 g,
Selenium 0.24 mg, Cobalt 0.024 mg and antioxidant
0.125 g. Premix for Finisher diet (per kg diet): Vitamin

A 10,000 I.U., Vitamin D, 12,000 I.U, Vitamin E 20 I.U.,
Vitamin K 2.5 mg, thiamine 2.0 mg, Riboflavin 3.0 mg,
pyridoxine 4.0 mg, Niacin 20 mg, cobalamin 0.05 mg,
Pantothenic acid 5.0 mg, Folic acid 0.5 mg, Biotin

0.08 mg, choline chloride 0.2 mg, Manganese 0.006 g,
Zinc 0.03 g, Copper 0.006 g, Iodine 0.0014 g, Selenium
0.24 g, cobalt 0.25 g, and antioxidant 0.125 g.

30 kgBW/m?[6] and were not subjected to feed with-
drawal at any point. The birds were kept at an ambient
temperature of 24+2°C and given water and feed ad
libitum. Groups 2 and 3 were maintained at the same
temperature conditions as Group 1, but Group 2 birds
were stocked at a density of 50 kg BW m™ from days
49 to 56, while feeding was restricted in Group 3 birds
for 36 h before blood collection on day 56.

The blood was collected from birds in each group
on day 49 and day 56 of the study as the pre-stress and
post-stress samples, respectively. All the hematologi-
cal and serum biochemical determinations were done
immediately on sample collection, following standard
procedures.

Hematological determinations

The total white blood cell, thrombocyte, and red
blood cell (RBC) counts were enumerated following
the hemocytometer method, using Natt and Herrick’s
blood cell diluting fluid [7]. Differential white blood
cell (WBC) counts were done on thin smears accord-
ing to the Leishman staining technique [8]. Packed
cell volume (PCV) was determined using the micro-
hematocrit method [8].

Clinical chemistry determinations

Serum corticosterone levels were assayed by com-
petitive enzyme-linked immunoassay using a Chicken
corticosterone (CORT) ELISA Kit (Abbkine®, Abbkine
Inc. China), and a DR-508G Microplate ELISA Reader
(Diatek®, Wuxi Hiwell Diatek Instruments Co. Ltd.,
China) with the program mode set at Chicken CORT
(O.D. — 450 nm). Plasma fibrinogen levels were deter-
mined using the modified heat precipitation method
[9] and the bromocresol green reaction was used in
the determination of serum albumin levels using an
Albumin Test Kit (QCA, Spain) [10]. Serum uric acid
concentration, sodium, potassium, calcium, and phos-
phorus levels were determined using a commercial
test kit (QCA, Spain) and results of the determination
were read using a Semiautomated Blood Biochemistry
Analyzer (CHEMS5-V3®, Erba Diagnostics, Mannheim,
Germany).

Statistical analysis

Data obtained from the three groups of birds
were subjected to a one-way analysis of variance.
Variant means were separated using the least signifi-
cant difference method. The results were presented as
meanzstandard error, and significance was accepted
at p<0.05 and p<0.01. SPSS for Windows version 16
software was used for the analysis.

Results

Hematology

Pre-stress, the total WBC count of the broiler
groups ranged from a mean of 37.28x10° ul to
38.50x10° uL and did not vary significantly (p>0.05)
(Table-2). Post-stress, the mean total WBC of the
Group 3 broilers was significantly (p<0.05) higher
than that of the Group 1 broilers. The post-stress total
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Table-2: The total white blood cell, heterophil, lymphocyte, eosinophil, monocyte, and basophil counts of broilers
exposed to varied forms of physiological stress.

Parameter Response Group 1 Group 2 (stocking Group 3 (feed Level of
(control) density stress) withdrawal stress) significance
Total white blood cell count  Pre-stress 37.28+1.54 38.30+0.86 38.50+0.35 p=0.773
(x103/pL) Post-stress  36.20+1.482 38.30+0.86%° 40.30+0.73° p=0.040
Heterophils (x103/uL) Pre-stress 11.35+1.23 7.30+£1.75 9.61+2.34 p=0.329
Post-stress 9.36+0.692 5.90+0.97° 18.02+0.47¢ p=0.000
Lymphocytes (x103/uL) Pre-stress 22.32+1.35 26.33+1.38 23.94+1.58 p=0.166
Post-stress 20.79+1.35® 27.74£0.51° 15.13+0.44¢ p=0.000
Heterophil/lymphocyte Pre-stress 0.54+0.08 0.32+0.09 0.47+0.14 p=0.351
ratio Post-stress 0.47+0.042 0.22+0.04° 1.20+0.04¢ p=0.000
Eosinophils (x103/uL) Pre-stress 1.90+0.32 2.36+0.39 2.75+0.50 p=0.380
Post-stress 2.98+0.30° 1.38+0.20° 3.40+0.38? p=0.000
Monocytes (x103/uL) Pre-stress 1.71+0.46 2.22+0.53 2.17+0.63 p=0.776
Post-stress 2.65+0.36 3.16+0.59 3.35+0.33 p=0.512
Basophils (x103/uL) Pre-stress 0.00+0.00 0.00+0.00 0.04+0.04 p=0.401
Post-stress 0.00+0.00 0.38+0.38 0.00+0.00 p=0.381

abeAlphabetical superscripts in a row indicate a significant difference between the means (p<0.05 or p<0.01).

WBC of the Group 2 birds did not differ significantly
(p>0.05) from that of Group 1 or Group 2 birds.
Pre-stress, the mean heterophil counts of the broiler
groups did not vary significantly (p>0.05) and ranged
from 7.30x10° uL to 11.35%10° uL. The post-stress
heterophil counts of the Group 2 broilers were signifi-
cantly lower (p<0.01) than those of Groups 1 and 3
broilers, while the heterophil counts of the Group 3
broilers were significantly higher (p<0.01) than those
of Groups 1 and 2 birds. Lymphocyte counts among the
broiler groups ranged from 22.32x10° uL to 26.33x10°
UL pre-stress. The post-stress lymphocyte counts of
Group 2 broilers were significantly (p<0.01) higher
than those of broilers in Groups 1 and 3, while that of
broilers in Group 3 were significantly lower (p<0.01)
than those of Groups 1 and 2. The pre-stress heterophil
to lymphocyte (H/L) ratio ranged from 0.32 to 0.54
and did not vary significantly (p>0.05) between the
groups. Post-stress, the H/L ratio of Group 2 broilers
was significantly lower (p<0.01) than that of birds in
Groups 1 and 3, while that of broilers in Group 3 were
significantly higher (p<0.01) than those of broilers in
Groups 1 and 2. The pre-stress eosinophil counts of
the broiler groups did not vary significantly (p>0.05)
and ranged from 1.90x10° uL to 2.75%10° uL. Post-
stress, however, the eosinophil counts of Group 2
broilers were significantly lower (p<0.01) than those
of Groups 1 and 3, while, post-stress, the eosinophil
counts of Group 3 broilers were significantly higher
(p<0.01) than those of Groups 1 and 2 broilers. Pre-
stress monocyte counts in the broiler groups ranged
from 1.71x10° uL to 2.22x10° uL and both the pre-
stress and post-stress values did not vary signifi-
cantly (p>0.05) across the groups. Both the pre- and
post-stress basophil counts did not vary significantly
across the broiler groups (p>0.05). The basophil
counts ranged from 0.00x10° uL to 0.04x10° uL.
The mean pre-stress values of the RBC counts of the
broiler groups did not vary significantly (p>0.05) and
ranged from 2.93x10° uL to 3.03x10° uL (Table-3).
Post-stress, the RBC counts of the Group 3 broilers

were significantly higher (p<0.05) than those of the
Group 2 birds, though there were no significant dif-
ferences (p>0.05) between the RBC counts of Groups
1 and 2 broilers. Mean pre-stress PCV in the broiler
groups ranged from 28.20% to 28.70% and did not
vary significantly (p>0.05) across the groups. The
mean post-stress PCV of Group 3 birds was signifi-
cantly higher (p<0.05) than those of Groups 1 and
2. Mean pre-stress thrombocyte counts of the broiler
groups ranged from 164.00x103 uL to 178.00x10° uL
and did not vary significantly (p>0.05). Post-stress,
however, the mean thrombocyte counts of Groups 2
and 3 broilers were significantly (p<0.01) higher than
that of Group 1 broilers.

Clinical chemistry

The mean serum corticosterone concentration
of the broilers ranged from 7.21 ng/L to 9.46 ng/L,
pre-stress, and 19.15 ng/L to 22.52 ng/L post-stress
(Table-4). The pre-stress and post-stress values did
not vary significantly (p>0.05) across the groups.
The mean pre-stress values of plasma fibrinogen
did not vary significantly (p>0.05) and ranged from
381.70 mg/dL to 440.34 mg/dL. Post-stress, the
plasma fibrinogen levels of Groups 2 and 3 broilers
were significantly (p<0.01) higher than that of Group
1 broilers.

Pre-stress, the mean serum uric acid concen-
tration of the broilers ranged from 2.76 mg/dL to
3.66 mg/dL and did not vary significantly (p>0.05)
(Table-4). However, post-stress, Group 2 broilers
had a significantly (p<0.01) higher mean serum uric
acid concentration (5.44 mg/dL) compared to that of
Group 1, while the serum uric acid level of Group 3
broilers did not differ significantly (p>0.05) from that
of Group 1. The mean serum albumin concentration of
the broilers did not vary significantly (p>0.05) across
the groups and ranged from 1.58 g/dL to 1.75 g/dL.
The post-stress serum albumin concentrations of
Groups 2 and 3 broilers were significantly (p<0.01)
higher than that of Group 1 broilers. The pre-stress
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Table-3: The red blood cell count, packed cell volume, and thrombocyte counts of broilers exposed to varied forms of

physiological stress.

Parameter Response Group 1 Group 2 (stocking Group 3 (feed Level of
(control) density stress) withdrawal stress) significance

RBC count Pre-stress 3.0+0.10 2.93+0.06 3.03+0.07 p=0.133
(x108/uL) Post-stress 3.11+0.122° 3.06+0.06° 3.38+0.09° p=0.049
PCV (%) Pre-stress 28.20+0.61 28.60+0.58 28.70+0.65 p=0.832

Post-stress 28.80+0.492 28.70+0.477 30.50+0.31° p=0.010
Thrombocytes Pre-stress 176.00+£10.45 164.00+7.48 178.00+6.11 p=0.439
(x103/uL) Post-stress 180.00+4.477 209.00+3.48° 197.00+4.23° p=0.000

abAlphabetical superscripts in a row indicate a significant difference between the means (p<0.05 or p<0.01). RBC=Red

blood cell count, PCV=Packed cell volume.

Table-4: The blood corticosterone, fibrinogen, albumin, and uric acid levels of broilers exposed to varied forms of

physiological stress.

Parameter Response Group 1 Group 2 (stocking Group 3 (feed Level of
(control) density stress) withdrawal stress) significance
Corticosterone (ng/L) Pre-stress 9.46+1.12 7.15+0.41 7.21+1.25 p=0.196
Post-stress 19.93+2.11 19.15+1.52 22.52+2.86 p=0.437
Fibrinogen (mg/dL) Pre-stress 429.71+37.56 381.70+29.77 440.34+27.32 p=0.395
Post-stress 350.40+17.76° 487.94+11.72° 494,79+16.24° p=0.000
Uric acid (mg/dL) Pre-stress 2.76+0.30° 3.56+0.28° 3.66+0.27° p=0.061
Post-stress 3.40+0.28? 5.44+0.49° 3.67£0.20° p=0.001
Albumin (g/dL) Pre-stress 1.58+0.06 1.69+0.05 1.75+0.06 p=0.154
Post-stress 1.88+0.052 2.20£0.04° 2.11£0.04° p=0.000
Uric acid/albumin ratio Pre-stress 1. 74%+0.18 2.14+0.19 2.11+0.15 p=0.233
Post-stress 1.80+0.13° 2.47+0.20° 1.74+0.09° p=0.003

abAlphabetical superscripts in a row indicate a significant difference between the means (p<0.05 or p<0.01).

uric acid to albumin ratio of the broilers ranged from
1.74 to 2.11 and did not vary significantly (p>0.05)
across the groups. Post-stress, the broilers from Group
2 had a significantly (p<0.05) higher uric acid to albu-
min ratio than Groups 1 and 3.

Pre-stress, the mean serum sodium concen-
tration of the broilers ranged from 128.06 mEq/L to
129.26 mEq/L and did not vary significantly (p>0.05)
among the groups (Table-5). Post-stress, the mean
serum sodium levels of Groups 2 and 3 were signifi-
cantly (p<0.01) higher than that of Group 1. Pre-stress,
the mean serum potassium level of the broilers in
Group 3 was significantly (p<0.05) higher than that of
Groups 1 and 2. During post-stress sampling, however,
broilers in Groups 2 and 3 had significantly (p<0.05)
higher levels of serum potassium compared to that of
Group 1 broilers. The mean pre-stress serum sodium to
potassium ratio of Group 3 broilers was significantly
(p<0.05) lower than that of Group 1 but did not differ
significantly (p>0.05) from that of Group 2 broilers.
However, post-stress both Groups 2 and 3 broilers had
a significantly (p<0.01) lower serum sodium to potas-
sium ratio compared to that of Group 1.

The serum calcium levels of the broilers in
Group 3 were significantly (p<0.05) higher than those
of Groups 1 and 2, which did not vary significantly
(p>0.05) from each other (Table-5). Post-stress, the
mean serum calcium levels of the broilers did not
vary significantly (p>0.05) across the groups. The
mean serum phosphorus levels of the broiler groups
ranged from 6.08 mg/dL to 6.41 mg/dL pre-stress and
6.33 mg/dL to 6.55 mg/dL post-stress. Neither the

pre-stress nor post-stress values varied significantly
(p>0.05) across the groups. Furthermore, the calcium
to phosphorus ratios of the broilers ranged from 1.45
to 1.52 pre-stress and 1.51 to 1.61 post-stress across
the groups. Neither pre-stress nor post-stress calcium
to phosphorus ratios varied significantly (p>0.05).

Discussion

Both stressors (increase in stocking density of
the broiler chickens and withdrawal of their feed)
resulted in the elevation of the total WBC count,
which was significantly higher in the feed withdrawal
stress group. This trend of increase in total WBC
counts had been documented in humans in cases of
psychological stress and in animal models exposed to
social stress [11,12]. Stress induces the nerve fibers
to release noradrenaline into the bloodstream, which
triggers signals in the bone marrow to increase pro-
duction of hematopoietic stem cells, especially white
blood cells [13].

The heterophil and lymphocyte counts, and con-
sequently the heterophil to lymphocyte ratio, can vary
depending on the stressor [14]. There are many con-
sistent reports on increased H/L ratios in avian species
under heat stress [15-19]. In our study, this was also
observed in the birds subjected to feed withdrawal
stress; however, the high stocking density stress group
had alow H/L ratio. Reports on the effect of high stock-
ing density on H/L ratio are highly variable, with either
an increase at 27.2 kgBW/m? and 45 kgBW/m? or no
significant effect at 40 kgBW/m? [20-22]. Differences
in specific stocking density, housing, environmental
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Table-5: The serum electrolyte levels of broilers exposed to varied forms of physiological stress.

Parameter Response Group 1 Group 2 (stocking Group 3 (feed Level of
(control) density stress) withdrawal stress) significance
Sodium (mmol/L) Pre-stress 129.10+1.04 129.26+1.12 128.06+0.94 p=0.676
Post-stress 140.45+0.67° 135.68+1.11° 136.21+0.76° p=0.001
Potassium (mmol/L) Pre-stress 3.65+0.172 3.82+0.19° 4.22+0.20° p=0.033
Post-stress 2.76+0.20° 3.90+0.25° 4.10+0.20° p=0.014
Sodium/potassium ratio Pre-stress 36.11+1.832 34.714£1.99% 30.35+1.21° p=0.023
Post-stress 53.56+4.10° 35.98+2.16° 33.88+1.47° p=0.002
Calcium (mg/dL) Pre-stress 8.84+0.19° 9.00+0.18¢? 9.75+0.16° p=0.030
Post-stress 9.88+0.10 10.22+0.13 10.20+0.19 p=0.240
Phosphorus (mg/dL) Pre-stress 6.08+0.52 6.26+1.10 6.41+1.32 p=0.273
Post-stress 6.55+0.35 6.43+0.28 6.33+0.26 p=0.594
Calcium/phosphorus Ratio Pre-stress 1.45+0.44 1.44+0.56 1.52+0.49 p=0.149
Post-stress 1.51+0.07 1.59+0.06 1.61+0.06 p=0.096

abAlphabetical superscripts in a row indicate a significant difference between the means (p<0.05 or p<0.01).

conditions, and management practices are factors that
may have influenced these differences [23].

The significantly lower eosinophil levels in the
broilers subjected to stocking density stress concur
with reports showing that a reduction in circulating
eosinophil numbers is an indicator of stress in ani-
mals [24,25]. A reduction in the eosinophil numbers
in blood can be a distinguishing factor between leu-
kocyte responses due to infection and that due to
stress [26]. Exposure of the broilers to the two types
of stressors used in our study had no significant effect
on monocyte and basophil counts, which implies that
changes in these blood cell counts are not markers of
physiological stress.

Animals subjected to heat stress have decreased
hematocrit values [27,28]. However, in the present
study, the group of broilers with restricted feeding had
higher mean hematocrit values and erythrocyte counts
than that of other groups. Increased PCV may be
related to the increased metabolic activity required to
meet the increased energy demands for maintenance
and growth during stressful conditions [29]. We found
that the mean thrombocyte counts were significantly
higher in the two broiler groups subjected to stress
than that of the group not exposed to any stressors.
Increases in thrombocyte count act as markers of men-
tal and physical stress in humans [30,31].

Corticosterone is a commonly and frequently
assessed biomarker of stress in birds [32-34].
Increased plasma or serum corticosterone has been
recorded in poultry during transportation stress and
heat stress [23,35]. However, high stocking density
and feed withdrawal did not elicit any significant alter-
ation in the corticosterone level of the broiler chick-
ens when compared to that of the control group. Our
findings agree with reports that stocking density stress
leads to no significant effect on corticosterone con-
centrations [21,36,37]. Serum corticosterone has also
been reported to be an unreliable measure of chronic
stress due to hunger [23,38]. Furthermore, corticoste-
rone is highly mobilized when a bird is captured and
handled for long, making its measurement and inter-
pretation difficult [39,40]. The H/L ratio may be a

more consistent indicator of social stress than plasma
corticosteroid levels [41]. Corticosterone assay kits
are expensive and analysis of samples requires the
use of sensitive and expensive equipment (microplate
reader) and specialized software, while the method for
measuring H/L ratios requires only stain, microscope
slides, a microscope, and immersion oil [42].

Acute-phase proteins, first described as early
reactants to infectious diseases and inflammation, are
also valuable biomarkers of stress [43]. In humans,
fibrinogen responses increase with psychophysio-
logical and chronic work stress [44,45]. Albumin
decreases in serum following chronic stress but can
also increase in case of stress-hemoconcentration
or dehydration, as recorded in transport stress [46].
Our findings of significantly higher levels of plasma
fibrinogen and albumin in the broiler groups exposed
to stress concur with these reports.

The serum uric acid concentration was signifi-
cantly higher post-stress in the high stocking density
group than in the other groups. Circulating uric acid is a
measure of protein catabolism and its increase reflects
increased protein or amino-acid catabolism [47]. In
fish [48], high stocking density resulted in increased
serum uric acid levels due to increased gluconeo-
genesis and protein catabolism, which corroborates
the higher post-stress serum uric acid concentration
recorded in the present study for the stocking density
stress group.

This study showed that post-stress serum sodium
levels were significantly lower in both the high-den-
sity stocking group and the feed withdrawal group;
this has also been reported in experimentally induced
stress in broilers [49]. The serum potassium levels of
the broiler chickens exposed to high stocking density
and feed withdrawal stress were significantly higher
than that of the control group, resulting in the broilers
exposed to stress having significantly lower sodium to
potassium ratios compared to that of the control group.
The inverse relationship between serum sodium and
potassium concentrations is likely based on the flux
of electrolytes between intra and extracellular spaces
[50]. The variations in the pre- and post-stress serum
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electrolyte concentrations in our study might be
attributed to fluctuations in water balance, rate of fluid
intake, and frequency of excretion [51].

Increased serum calcium levels have been
reported in mice under stress conditions [52].
However, we observed no significant differences in
the calcium and phosphorus serum levels or the cal-
cium to phosphorus ratios of broilers exposed to stress
compared to that of the control group.

Conclusion

We found that heterophil, lymphocyte, eosino-
phil, thrombocyte counts, H/L ratio, serum sodium,
and uric acid are significant markers of physiologi-
cal stress in broilers subjected to stocking density or
feed withdrawal stress. Most of the hematological and
basic biochemical parameters are easy to assay, inex-
pensive, and more reliable than corticosterone, which
is costly and inconsistent.

Authors’ Contributions

CUN, JII, SVS, and CON designed the work.
CUN, JII, and CON collected the data and did the lab-
oratory work. JII and SVS supervised the work. CUN
analyzed the data and drafted the article. All authors
read and approved the final manuscript.

Acknowledgments

The authors express their profound gratitude to
the staff of Biomedical Research Support Laboratory
of the Foundation for Education and Research on
Health, Nsukka, Nigeria, for the use of their facili-
ties and their help in doing the laboratory work. The
authors did not receive any funds for this study.

Competing Interests

The authors declare that they have no competing
interests.

Publisher’s Note

Veterinary World remains neutral with regard
to jurisdictional claims in published institutional
affiliation.

References

1. Qi,J., Zhang, Y., Zhou, Z. and Habiba, U. (2017) Parameters
of physiological responses and meat quality in poultry sub-
jected to transport stress. Biol. Syst. Open Access, 6(1):
175-179.

2. Mehaisen, G.M.K., Eshak, M.G., Elkaiaty, A.M.,
Atta, A.AM.M., Mashaly, M.M. and Abass, A.O. (2017)
Comprehensive growth performance, immune function,
plasma biochemistry, gene expressions and cell death mor-
phology responses to a daily corticosterone injection course
in broiler chickens. PLoS One, 12(2): ¢0172684.

3. Akbarian, A., Michiels, J., Degroote, J., Majdeddin, M.,
Golian, A. and de Smet, S. (2016) Association between heat
stress and oxidative stress in poultry; mitochondrial dys-
function and dietary interventions with phytochemicals. J.
Anim. Sci. Biotechnol., 7(1): 37-50.

4. Gebregeziabhear, E. (2015) The effect of stress on produc-
tivity of animals: A review. J. Biol. Agri. Healthc., 5(1):
14-21.

5.

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

National Research Council. (1994) Nutrient Requirements
of Poultry: Ninth Revised Edition, 1994. The National
Academies Press, Washington, DC.

Siaga, R., Baloyi, J.J., Rambau, M.D. and Benyi, K. (2017)
Effects of stocking density and genotype on the growth
performance of male and female broiler chickens. Asian J.
Poult. Sci., 11(2): 96-104.

Campbell, T.W. (1994) Haematology. In: Ritchie, B.W.,
Harrison, G.J. and Harrison, L.R., editors. Avian Medicine:
Principles and Application. 1% ed. Wingers Publishing
Company, Florida, U.S.A. p178-181.

Campbell, T.W. (1995) Avian Hematology and Cytology.
2™ ed. Blackwell Publishing, lowa, U.S.A. p7-11.
Stockham, S.L. and Scott, M.A. (2008) Proteins-fibrinogen.
In: Fundamentals of Veterinary Clinical Pathology.
Blackwell Publishing, Ames, lowa. p393-396.

Doumas, B.T., Watson, W.A. and Biggs, H.G. (1971)
Albumin standards and the measurement of serum albumin
with bromcresol green. Clin. Chim. Acta, 31(1): 87-96.
McKim, D.B., Yin, W., Wang, Y., Cole, S.W., Godbout, J.P.
and Sheridan, J.F. (2018) Social stress mobilizes hemato-
poietic stem cells to establish persistent splenic myelopoie-
sis. Cell Rep., 25(9): 2552-2562.

Nishitani, N. and Sakakibara, H. (2014) Association of psy-
chological stress response of fatigue with white blood cell
count in male daytime workers. Ind. Health, 52(6): 531-534.
Heidt, T., Sager, H.B., Courties, G., Dutta, P., Iwamoto, Y.,
Zaltsman, A., Muhlen, C., Bode, C., Fricchione, G.L.,
Denninger, J., Lin, C.P., Vinegoni, C., Libby P., Swirski, F.K.,
Weissleder, R. and Nahrendorf, M. (2014) Chronic variable
stress activates hematopoietic stem cells. Nat. Med., 20(7):
754-758.

Simitzis, P.E., Kalogeraki, E., Goliomytis, M.,
Charismiadou, M.A., Triantaphyllopoulos, K., Ayoutanti, A.,
Niforou, K., Hager-Theodorides, A.L. and Deligeorgis, S.G.
(2012) Impact of stocking density on broiler growth perfor-
mance, meat characteristics, behavioural components and
indicators of physiological and oxidative stress. Br: Poult.
Sci., 53(6): 721-730.

Huff, G.R., Huff, WE. Balog, JM. Rath, N.C.,
Anthony, N.B. and Nestor K.E. (2005) Stress response dif-
ferences and disease susceptibility reflected by heterophil
to lymphocyte ratio in Turkeys selected for increased body
weight. Poul. Sci., 84(5): 709-717.

Ajakaiye, J.J., Ayo, J.O. and Ojo, S.A. (2010) Effects of
heat stress on some blood parameters and egg production of
Shika Brown layer chickens transported by road. Biol. Res.,
43(2): 183-189.

Honda, B.T.B., Calefi, A.S., Costola-de-Souza, C.,
Quinteiro-Filho, W.M., da Silva Fonseca, J.G., de Paula, V.F.
and Palermo-Neto, J. (2015) Effects of heat stress on periph-
eral T and B lymphocyte profiles and IgG and IgM serum
levels in broiler chickens vaccinated for Newcastle disease
virus. Poult. Sci., 94(10): 2375-2381.

Scanes, C.G. (2016) Biology of stress in poultry with
emphasis on glucocorticoids and the heterophil to lympho-
cyte ratio. Poult. Sci., 95(9): 2208-2215.

Osti, R., Bhattarai, D. and Zhou, D. (2017) Climatic varia-
tion: Effects on stress levels, feed intake, and body weight
of broilers. Braz. J. Poult. Sci., 19(3): 489-496.

Dozier, W.A., Thaxton, J.P., Purswell, J.L.,
Olanrewaju, H.A., Branton, S. and Roush, W.B. (2006)
Stocking density effects on male broilers grown to 1.8 kilo-
grams of body weight. Poult. Sci., 85(2): 344-351.
Thaxton, J.P., Dozier, W.A., Branton, S.L., Morgan, C.W.,
Miles, D.W., Roush, W.B., Lott, B.D. and Vizzierthaxton, Y.
(2006) Stocking density and physiological adaptive
responses of broilers. Poult. Sci., 85(5): 819-824.
Sekeroglu, A., Sarica, M., Gulay, M.S. and Duman, M.
(2011) Effect of stocking density on chick performance,
internal organ weights and blood parameters in broilers. J.
Anim. Vet. Adv., 10(2): 246-250.

Veterinary World, EISSN: 2231-0916

2299



Available at www.veterinaryworld.org/Vol.13/October-2020/35.pdf

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Uzum, M.H. and Topluu, H.D.O. (2013) Effects of stocking
density and feed restriction on performance, carcass, meat
quality characteristics and some stress parameters in broil-
ers under heat stress. Rev. Med. Vet., 164(12): 546-554.
Sarjan, H.N., Divyashree, S. and Yajurvedi, H.N. (2017)
The protective effect of the vacha rhizome extract on
chronic stress-induced immunodeficiency in rat. Pharm.
Biol., 55(1): 1358-1367.

Belden, L.K. and Kiesecker, J.M. (2005) Glucocorticosteroid

38.

39.

than by stocking density. Nature, 427(6972): 342-344.
D’Eath, R.B., Tolkamp, B.J., Kyriazakis, [. and
Lawrence, A.B. (2009) ‘Freedom from hunger’ and pre-
venting obesity: The animal welfare implications of reduc-
ing food quantity or quality. Anim. Behav., 77(2): 275-288.
Li, M., Zhu, W., Wang, Y., Sun, Y., Li, J., Liu, X., Wu, Y.,
Gao, X. and Li, D. (2019) Effects of capture and captivity
on plasma corticosterone and metabolite levels in breeding
Eurasian Tree Sparrows. Avian Res., 10(1): 16.

hormone treatment of larval tree frogs increases infection 40. Romero, L.M. and Reed, J.M. (2005) Collecting baseline
by Alaria sp. trematode cercariae. J. Parasitol., 91(3): corticosterone samples in the field: Is under 3 min good
686-688. enough? Comp. Biochem. Physiol. A Mol. Integr. Physiol.,
Tornquist, S.J. and Rigas, J. (2010) Interpretation of rumi- 140(1): 73-79.
nant leukocyte responses. In: Weiss, D.J. and Wardrop, K.J., 41. Gross, W.B. and Siegel, H.S. (1983) Evaluation of the het-
editors. Schalm’s Veterinary Hematology. 6" ed. Lea and erophil/lymphocyte ratio as a measure of stress in chickens.
Febiger, Philadelphia, PA. p310. Avian Dis., 27(4): 972-979.
Ribeiro, M.N., Ribeiro, N.L., Bozzi, R. and Costa, R.G. 42. O’Dell, D.A., Carlo, M.A., Kimmitt, A., Bikowski, E.,
(2018) Physiological and biochemical blood variables of Morris, K.R. and Dolby, A. (2014) A comparison of tech-
goats subjected to heat stress-a review. J. Appl. Anim. Res., niques measuring stress in birds. Va. J. Sci., 65(3): 133-149.
46(1): 1036-1041. 43. Fazio, F., Ferrantelli, V., Cicero, A., Casella, S. and
Adenkola, A.Y. and Angani, M.T. (2017) Ascorbic acid sup- Piccione, G. (2015) Utility of acute-phase proteins as bio-
plementation effect on haematology and oxidative stress markers of transport stress in ewes and beef cattle. /tal. J.
parameters of broiler chicken during the hot-dry season in Food Saf., 4(2): 4210-4212.
Southern Guinea Savannah. J. Poult. Res., 14(1): 28-33. 44. Ellins, E.A., Rees, D.A., Deanfield, J.E., Steptoe, A. and
Luger, D., Shinder, D., Wolfenson, D. and Yahav, S. (2003) Halcox, J.P. (2017) Increased fibrinogen responses to psy-
Erythropoiesis regulation during the development of ascites chophysiological stress predict future endothelial dysfunc-
syndrome in broiler chickens: A possible role of corticoste- tion implications for cardiovascular disease? Brain Behav.
rone. J. Anim. Sci., 81(3): 784-790. Immun., 60: 233-239.
Almis, B.H. and Aksoy, I. (2018) Mean platelet volume level 45. Lazzarino, A.l., Hamer, M., Gaze, D., Collinson, P.,
in patients with generalized anxiety disorder. Psychiatry Rumley, A., Lowe, G. and Steptoe, A. (2015) The asso-
Clin. Psychopharmacol., 28(1): 43-47. ciation between fibrinogen reactivity to mental stress
Koudouovoh-Tripp, P. and Sperner-Unterweger, B. (2012) and high-sensitivity cardiac troponin T in healthy adults.
Influence of mental stress on platelet bioactivity. World J. Psychoneuroendocrinology, 59: 37-48.
Psychiatry, 2(6): 134-147. 46. Erisir, Z., Poyraz, O., Erisir, M., Onbasilar, E.E. and
Weimer, S.L., Wideman, R.F., Scanes, C.G., Erdem, E. (2008) The changes of the body weight and some
Mauromoustakos, A., Christensen, K.D. and Vizzier- blood parameters of Pekin ducklings dependent on trans-
Thaxton, Y. (2018) An evaluation of methods for measuring portation duration. J. Anim. Vet. Adv., 7(10): 1190-1195.
stress in broiler chickens. Poult. Sci., 97(10): 3381-3389. 47. Carsia, R.V. (2015) Adrenals. In: Scanes, C.G., editor.
Freeman, N.E. and Newman, A. (2018) Quantifying cor- Sturkie’s Avian Physiology. 6" ed. Academic Press, New
ticosterone in feathers: Validations for an emerging tech- York. p598.
nique. Conserv. Physiol., 6(1): coy051. 48. Costa, L.S., Pereira, D.F., Bueno, L.G.F. and Pandorfi, H.
Will, A., Wynne-Edwards, K., Zhou, R. and Kitaysky, A. (2012) Some aspects of chicken behavior and welfare. Rev.
(2019) Of 11 candidate steroids, corticosterone concentra- Bras. Cienc. Avic., 14(3): 159-164.
tion standardized for mass is the most reliable steroid bio- 49. Olanrewaju, H.A., Wongpichet, S., Thaxton, J.P,
marker of nutritional stress across different feather types. Dozier, W.A. and Branton, S.L. (2006) Stress and acid-base
Ecol. Evol., 9(20): 11930-11943. balance in chickens. Poult. Sci., 85(7): 1266-1274.
Scanes, C.G., Hurst, K., Thaxton, Y., Archer, G.S. and 50. Saito, T., Ishikawa, S., Higashiyama, M., Nakamura, T.,
Johnson, A. (2020) Effect of transportation and shackling Rokkaku, K., Hayashi, H., Kusaka, 1., Nagasaka, S. and
on plasma concentrations of corticosterone and heterophil Saito, T. (1999) Inverse distribution of serum sodium and
to lymphocyte ratios in market weight male turkeys in a potassium in uncontrolled in-patients with diabetes melli-
commercial operation. Poult. Sci., 99(1): 546-554. tus. Endocr. J., 46(1): 75-80.
Jones, T.A., Donnelly, C.A. and Dawkins, M.S. (2005) 51.  Sobotka, L., Allison, S.P. and Stanga, Z. (2008) Basics in
Environmental and management factors affecting the clinical nutrition: Water and electrolytes during nutritional
welfare of chickens on commercial farms in the United support. Eur. Soc. Clin. Nutr. Metab., 4(2): e59-¢61.
Kingdom and Denmark stocked at five densities. Poult. 52.  Teng, W.F., Sun, WM., Shi, L.F., Hou, D.D. and Liu, H.
Sci., 84(8): 1-11. (2008) Effects of restraint stress on iron, zinc, calcium, and
Dawkins, M.S., Donnelly, S. and Jones, T.A. (2004) magnesium whole blood levels in mice. Biol. Trace Elem.
Chicken welfare is influenced more by housing conditions Res., 121(3): 243-248.

soskoskoskoskoskoskok

Veterinary World, EISSN: 2231-0916

2300





