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Abstract

Moneva, P., Yanchev, I., Dyavolova, M., & Gudev, D. (2019). Discrepancy between plasma cortisol level and neutro-
phil-to-lymphocyte ratio in sheep during shearing. Bulgarian Journal of Agricultural Science, 25(3), 564–569

The object of the present study was to investigate the link between adrenal and leukocyte responses to shearing stress in 
sheep. The primary parameters determined in this study were cortisol dynamics and neutrophil-to-lymphocyte (N/L) ratio in 
lactating non-pregnant ewes from the Bulgarian synthetic dairy population (n = 20) and non-pregnant ewes from the Ile de 
France (meat type) breed (n=20) during shearing. The ewes were shorn at the beginning of June. Blood samples were taken 
before shearing, immediately after shearing and at 3 h following the onset of shearing.

Ile de France ewes were divided into two subgroups based on their reactivity to shearing as assessed by cortisol level im-
mediately after shearing. Group I comprised ewes that had high cortisol level (more stress-reactive) and group II comprised 
ewes that had low plasma cortisol level immediately after shearing (less stress-reactive). Cortisol level in the ewes of Bulgar-
ian synthetic dairy population (BSDP) was higher immediately after shearing (P < 0.001) as compared to Ile de France ewes. 
Plasma cortisol level in the ewes of Bulgarian synthetic dairy population (BSDP) declined signifi cantly at 3 h after the onset 
of shearing while at that time, cortisol levels in the other group tended to decline but did not reach level of signifi cance. There 
was signifi cantly higher N/L ratio in BSDP ewes as compared to Ile de France ewes immediately after shearing. Neutrophil-to-
lymphocyte ratio increased signifi cantly in both breeds of sheep at 3 h following the onset of shearing. Plasma cortisol levels 
in the more reactive Ile de France ewes were higher across all measurements as compared to less reactive ewes while N/L ratio 
immediately after shearing and at 3 h since the onset of shearing was higher in less stress-reactive ewes. These results suggest 
that the magnitude of cortisol response to acute stress is not matched by a corresponding increase in N/L ratio. The results are 
interpreted to mean that total plasma cortisol level plays a lesser role than free cortisol in N/L traffi cking and that neutrophil 
elastase-induced cleavage of corticosteroid-binding globulin regulates the amount of free cortisol.
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Introduction

Much of the early literature points to a close link between 
leukocyte profi les and glucocorticoid levels. Glucocorticoid 
hormones are generally accepted to increase the number and 
percentage of neutrophils, while decreasing the number and 
percentage of lymphocytes (Davis et al., 2008). Changes 
in circulating leukocytes in response to various stressors 
were documented in early stress research. Decreases in 

lymphocytes and eosinophils and increases in neutrophils 
occur in pigs fed with increasing concentrations of dietary 
cortisol (Widowski et al., 1989), and chickens exposed to 
multiple concurrent stressors (McFarlane and Curtis, 1989). 
The mechanism underlying the effect of stress hormones on 
leukocyte distribution has been reviewed by Brenner et al. 
(1998). Heterophil and lymphocyte numbers change more 
slowly in response to stress than does corticosterone (Max-
well, 1993). Recently, it has been shown that short-time 
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(minutes) of psychological stress, unlike chronic (longer 
time of mental stress), may improve immune performance. 
Also, it has been shown that minutes of mental stress induces 
the production of proinfl ammatory cytokines (a Th1 like re-
sponse) via a mild and transient increase in cathecolamines 
and cortisol (Matalka, 2003). Neutrophils are the major pop-
ulation of leukocytes. They are one of the fi rst cell types at 
sites of infl ammation. Altstaedt et al. (1996) suggested that 
IL-8 is the only cytokine neutrophils are able to release at 
signifi cant levels and that neutrophil-directed immune regu-
lation is driven by IL-8. In contrast, other investigation has 
shown that the rapid recruitment of neutrophils to sites of 
infl ammation may be an important source of proinfl amma-
tory mediators such as IL-1 (Basran et al., 2013). Human and 
murine neutrophils have been shown to express proinfl am-
matory/anti-infl ammatory cytokines, chemokines, immu-
nomodulatory cytokines and angiogenic/fi brogenic factors 
(Tecchio et al., 2014). Overall, the literature demonstrates 
that stress hormones stimulate leukocyte traffi cking to sites 
of infl ammation and exert stimulatory effect on immune cells 
during exposure to acute stress. Widowski et al. (1989) re-
ported difference in N/L ratio between pig trials even when 
dietary cortisol levels were similar. These data suggest that 
factors, other than stress hormones, are implicated in the 
control of N/L ratio.

The object of the present study was to investigate inter- 
and intra-breed dynamics of cortisol and N/L in response to 
shearing in sheep and the association between plasma corti-
sol level and N/L ratio.

Materials and Methods

Twenty non-pregnant, lactating ewes from the Bulgar-
ian dairy synthetic population (BDSP) and 20 non lactat-
ing ewes in the fi rst two months of pregnancy from Ile de 
France breed were included in the present experiment. Ile de 
France ewes were artifi cially inseminated following induced 
ovulation in the beginning of April. All ewes were randomly 
selected from the respective sheep breed herds at the Insti-
tute of Animal Science, Kostinbrod. The average age of the 
ewes was 3 years. During winter months the ewes were kept 
in barns with deep straw litter and were fed meadow hay, 
corn silage and concentrate according to their nutritional re-
quirements. Hay was fed in racks and concentrate was of-
fered in grain feeders. Sheep had permanent access to clean 
water. They had year round access to a fenced-in yard situ-
ated next to the barn. Ile de France ewes were allocated into 
two subgroups according to their stress-reactivity (assessed 
as plasma cortisol level immediately after shearing). Group 
I comprised individuals with high level of cortisol (more 

stress-reactive, n = 10) and group II comprised individuals 
with low level of cortisol (less stress reactive, n=10). The 
ewes were shorn at the beginning of June and sheep shearing 
started at 10 am. Each sheep was shorn within 10 min.  Mini-
mum and maximum temperatures on that day were 13 and 
25°C respectively. Blood samples were taken before shear-
ing, immediately after shearing (at 10 min following the start 
of shearing) and at 3 h following the onset of shearing. All 
samples were taken via jugular venipuncture within 3 min 
in order to minimize the effect of stress caused by the han-
dling. Differential white blood cell count was performed. All 
leukocyte subpopulations were counted microscopically in 
smears made after staining with Giemsa-Romanovsky. In the 
current study we examined neutrophil-to-lymphocyte ratio 
as a simple parameter of systemic infl ammation and stress. 
The results of one factor analysis are expressed as means ± 
S.E.M. and were analyzed by ANOVA.

Results and Discussion

Basal plasma cortisol levels between the breeds were 
similar (Fig. 1). However, basal neutrophil-to-lymphocyte 
(N/L) ratio was signifi cantly higher in BSDP sheep in com-
parison with Ile de France sheep (Fig. 2). It is well docu-
mented that epinephrine, norepinephrine and corticosteroids 
have a major role in neutrophil mobilization and traffi cking 
(Dhabhar et al., 2012). Therefore, the observed difference in 
basal N/L ratio between the breeds despite the similar corti-
sol levels suggests that N/L ratio was infl uenced by a factor 
or factors other than stress hormones. Corticosteroid-binding 
globulin appears to be the major factor that may infl uence 
plasma cortisol level and thus glucocorticoids action in tis-
sue. It has been reported that the gene encoding CBG (called 
SerpinA6) is strongly associated with cortisol levels. Also, 
studies conducted in different pig lines confi rmed the genetic 
association between SerpinA6, CBG locus and basal corti-
sol levels in pig (Moisan & Castanon, 2016). Furthermore, 
Ousova et al. (2004) reported two times higher basal cortisol 
and three times higher CBG capacity in Meishan compared 
with Large White breeds.  It is widely accepted that CBG 
actively deliver free glucocorticoids to infl amed tissue due to 
the action of elastase released by neutrophils. Corticosteroid-
binding globulin is cleaved by neutrophil elastase, thereby 
reducing markedly glucocorticoids binding and enabling 
massive local delivery of free glucocorticoids which are bio-
logically active (Hammond et al., 1990; Moisan & Castanon, 

2016). Consequently, increased basal neutrophil count in 
BSDP sheep compared to Ile de France sheep could supply 
more elastase and therefore freer cortisol despite the similar 
levels of basal plasma cortisol levels in both breeds.
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There was signifi cant difference between the studied 
breeds in their sensitivity to shearing stress (Fig. 1). Plas-
ma cortisol level immediately after shearing was higher in 
BSDP sheep compared to Ile de France sheep. Cortisol level 
immediately after shearing was assumed to refl ect the level 
of stress-reactivity since each sheep was shorn within 10 min 
and, peak cortisol level in response to acute stress was re-
ported to be at 60 min following the start of the stress stimu-
lus (Verbeek et al., 2012). Neutrophil-to-lymphocyte ratio 
immediately after shearing increased slightly in BSDP sheep 
(P>0.05) but remained unchanged in Ile de France sheep 
which led to more pronounced interbreed difference (P < 
0.01). The higher cortisol level in BSDP sheep immediately 

after shearing was probably due to higher stress-sensitivity 
of the breed compared to Ile de France breed. Mice with a 
genetic predisposition for high reactivity were reported to 
have higher basal and stress-induced levels of total corticos-
terone, CBG and free corticosterone compared with the mice 
having intermediate or low reactivity (Mattos et al., 2013). 
It has only recently been appreciated that a psychological 
or systemic stressor in the absence of overt tissue damage 
can also trigger systemic and central nervous system sterile 
infl ammation (Fleshner et al., 2017). According to Dhabhar 
and McEwen (1999) a hormonal alarm signal released by the 
brain on detecting a stressor may prepare the immune system 
for potential challenges.  

Plasma cortisol level in BSDP sheep declined sharply at 
3h after the shearing whereas in Ile de France sheep cortisol 
level declined insignifi cantly at that time. The observed re-
duction in plasma cortisol levels in BSDP sheep coincided 
with a signifi cant neutrophil-to-lymphocyte increase at that 
time (Fig. 2). We assume that cortisol decline in BSDP sheep 
at 3h following shearing was related to the higher level of 
both total and free cortisol immediately after shearing. This 
assumption is consistent with the reported higher CBG, to-
tal and free cortisol levels following 15 min restraint and 6 
min swimming stress in mice selected for extremes in stress 
reactivity (Mattos et al., 2013). It is widely recognized that 
acute or short-term stress induces a rapid and signifi cant 
distribution of immune cells among different body compart-
ments and that adrenal stress hormones are major mediators 
of this leukocyte distribution. Furthermore, acute stress neu-
trophilia was suggested to favor immunoenhancement by 
mobilizing neutrophils to the blood stream and making them 
available for recruitment and activation at sites of infl am-
mation (Dhabhar, 2002a; Dhabhar, 2002b). Also, neutrophils 
were reported to release cytokines and orchestrate the im-
mune/infl ammatory response by establishing bidirectional 
interactions with dendritic cells, monocytes, macrophages 
and T cells (Cerutti et al., 2013; Mócsai, 2013). Certain pro-
infl ammatory cytokines have been demonstrated to activate 
the stress system in vivo (Besedovsky et al., 1986; Chrousos, 
1995; Kovacs et al., 1995; Akita et al., 1996).

It is generally thought that proinfl ammatory cytokines 
stimulate the release of stress hormones which in their turn 
prevent immune responses from becoming over-activated or 
autoimmune (Silverman et al., 2005). Therefore, it may be 
assumed that the higher cortisol level in BSDP sheep imme-
diately after shearing was due to neutrophil orchestrated re-
lease of infl ammatory cytokines which stimulated the stress 
axis. Besides, in addition to neutrophils-modulated pro-in-
fl ammatory cytokines, increased neutrophil count in BSDP 
sheep compared to Ile de France sheep may serve to increase 

Fig. 1. Effect of shearing on plasma cortisol levels 
in two breads of sheep

a – signifi cantly different among the breeds, b – signifi cantly 
different versus respective baseline level, c – signifi cantly different 

versus shearing; * p < 0.05, **p < 0.01, ***p < 0.001

Fig. 2. Effect of shearing on neutrophil-to-lymphocyte 
ratio in two breeds of sheep

a – signifi cantly different among the breeds, b – signifi cantly dif-
ferent versus respective baseline level, c – signifi cantly different 

versus shearing; * p < 0.05, **p < 0.01, ***p < 0.001
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neutrophil elastase secretion, thereby reducing markedly 
corticosteroid-binding globulin and enabling massive deliv-
ery of free glucocorticoids at site of infl ammation (Pember-
ton et al., 1988; Hammond et al., 1990; Moisan & Castanon, 
2016). Consequently, increased N/L ratio at 3 h following 
shearing in both breeds could be considered as a delayed 
neutrophil response to increased cortisol level immediately 
after shearing. This view is consistent with the proposed spe-
cifi c role of epinephrine, norepinephrine and glucocorticoids 
in mediating mobilization and traffi cking of leukocyte sub-
populations (Dhabhar et al., 2012). Furthermore, it is widely 
recognized that unlike the hormonal response to stress, the 
initial leukocyte response begins over a time span of ours, 
depending on the species (Davis et al., 2008). The observed 
cortisol decrease in BSDP sheep at 3h after shearing could be 
due to higher total and free cortisol immediately after shear-
ing since glucocorticoids are known to serve a vital function 
in negative feedback inhibition of their own secretion by di-
verse mechanisms, including fast, non-genomic feedback at 
the level of paraventricular nucleus (Herman et al., 2012). 
Also, increased number of neutrophils at that time could 
contribute to an increased supply of elastase that can cleave 
corticosteroid-binding globulin and promote the release of 
free glucocorticoids.

Basal neutrophil-to-lymphocyte ratio in the more stress-
reactive sheep of Ile de France breed did not differ signifi -
cantly from that in the less stress-reactive sheep (Fig. 4) 
irrespective of the signifi cantly higher cortisol level at that 
time compared to cortisol level in the less stress-reactive 
sheep (Fig. 3). These data suggest a possible similarity of 

the basal free cortisol levels in both more stress-reactive and 
less stress-reactive sheep. Corticosteroid-binding globulin 
maximal capacity was reported to be 3 (1.7 to 5.2) times 
more than plasma cortisol levels in seven species includ-
ing sheep. Also, it was found that 68% of CBG remains in a 
cortisol-free state under physiological conditions (Gayrard 
et al., 1996). Therefore, it could be assumed that under nor-
mal physiological conditions plasma levels of free cortisol 
in both groups is maintained within a similar range irrespec-
tive of total plasma cortisol concentration. Our assumption is 
consistent with the perception that CBG functions in main-
taining a dynamic equilibrium between CBG-bound and un-
bound cortisol (Mattos et al., 2013).

Neutrophil-to-lymphocyte ratio in the more stress-re-
active sheep (Fig. 4) immediately after shearing was lower 
than in the less stress-reactive sheep despite the higher corti-
sol level (Fig. 3) in the stress-reactive sheep at that time. In 
our previous investigations (in press) we found that the in-
crease of N/L ratio starts at least 70 min, following exposure 
of sheep to acute stress and peaks at 150-180 min, after the 
onset of stress exposure. Therefore, it could be assumed that 
the observed N/L ratio immediately after shearing was due 
to catecholamines rather than to cortisol. This assumption 
is consistent with the hypothesis of Dhabhar at al. (2012) 
that norepinephrine and epinephrine mobilize immune cells 
into the blood stream while epinephrine and corticosterone 
induce traffi cking out of the blood (Dhabhar et al., 2012).

Neutrophil-to-lymphocyte ratio increased sharply in 
both groups of sheep at 3 h following shearing. However 
the rate of increase was higher in the less stress-reactive 

Fig. 3. Effect of shearing on plasma cortisol levels in 
more stress-reactive and less stress-reactive sheep of Ile 

de France breed
a – signifi cantly different among the groups, b – signifi cantly 

different versus respective baseline level; * p < 0.05, **p < 0.01, 
***p < 0.001

 Fig. 4. Effect of shearing on neutrophil-to-lymphocyte 
ratio in more stress reactive and less stress-reactive 

sheep of Ile de France breed
a – signifi cantly different among the groups, b – signifi cantly differ-
ent versus respective baseline level, c – signifi cantly different versus 

respective shearing level; * p < 0.05, **p < 0.01, ***p < 0.001
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sheep. These results suggest that higher cortisol level in the 
high-reactive sheep was buffered by a concomitant increase 
in CBG capacity thus resulting in low plasma free cortisol 
and consequently, less pronounced increase in N/L ratio. 
This suggestion is not consistent with the reported higher 
free cortisol in high-reactive mice despite higher plasma 
CBG (Mattos et al., 2013). The authors associated this phe-
nomenon with increased corticosterone response to stressors 
that overloaded CBG buffering function. In contrast, Aberle 
et al. (1976) found signifi cant interbreed variation of CBG 
binding capacity in pigs that was not related to their stress-
susceptibility status. In our opinion, the higher N/L ratio in 
the less stress-reactive sheep at 3h after shearing was due to 
increased level of free cortisol caused by increased level of 
neutrophil elastase which may cause cleavage of CBG. It is 
known that the cleavage of CBG trigger structural rearrange-
ments and reduced steroid binding affi nity allowing release 
of free cortisol (Gardill et al., 2012).  Our view is further 
supported by the reported inverse relationship between hu-
man plasma CBG and metabolic clearance rate of cortisol 
(Siiteri et al., 1982). Consequently, it could be assumed that 
lower cortisol level in the less stress-reactive sheep was due 
to a high clearance rate of cortisol. The lower cortisol level 
in the less stress-reactive sheep immediately after shearing 
and 3 h later was probably due to increased cleavage of CBG 
prompted by the increased neutrophil elastase and release of 
free cortisol which negatively feedback on the central acti-
vation of stress system. Also, Lin et al. (2009) hypothesized 
that human CBG exists in different conformational states 
with different steroid binding affi nity. Therefore, we can-
not exclude the possibility for existence of different confor-
mational states of CBG in the more stress-reactive and less 
stress-reactive sheep. Also, CBG proteolysis was reported to 
coincide with an increase in pro- and anti-infl ammatory plas-
ma cytokine levels (Hill et al., 2016). Corticosteroid-binding 
globulin is a biomarker of infl ammation onset and severity in 
female rats), and it is well documented that neutrophils me-
diate cytokine production and infl ammatory response (Ce-
rutti et al., 2013; Mócsai, 2013; Henry et al., 2016).

However, our interpretation concerning the association be-
tween cortisol level and N/L ratio in   less stress-reactive and 
more stress-reactive sheep is not in agreement with the op-
posite association between these parameters in BSDP and Ile 
de France sheep. These seemingly confl icting results can be 
reconciled with the reported temperature sensitivity of CBG 
and increased release of free cortisol in response to increasing 
temperatures within the physiological range (Henley & Light-
man, 2011). It is well known that milk breeds generate more 
metabolic heat due to high milk production (Polsky & von 
Keyserlingk, 2017). Besides, shearing was shown to increase 

body temperature (Sanger e t al., 2011). Therefore, it is logical 
to expect higher physiological temperature ranges in BSDP 
sheep, especially following shearing, when sheep fl eece is re-
moved and the animals are exposed to direct solar radiation. 
This view is consistent with the sharp decline of cortisol level 
at 3h following shearing in BSDP sheep that could be due to 
temperature-induced increase of CBG proteolysis and nega-
tive feedback inhibition of the stress system by the expected 
increase of plasma free cortisol level.

Conclusion

We did not fi nd proportional increase of N/L ratio with 
increase of cortisol magnitude in sheep of Ile de France 
breed during exposure to shearing stress. The rate of neutro-
phil-to-lymphocyte ratio increase in the more stress-reactive 
sheep was less than that in the less stress-reactive sheep. 
There were clear cut interbreed differences in the association 
between N/L ratio and stress-reactivity following exposure 
to shearing stress.

References

Aberle, E. D., Riggs, B. L., Alliston, C. W., & Wilson, S. P. 
(1976). Effects of thermal stress, breed and stress susceptibility 
on corticosteroid binding globulin in swine. Journal of Animal 
Science, 43(4), 816-820.

Akita, S., Conn, P. M., & Melmed, S. (1996). Leukemia inhibi-
tory factor (LIF) induces acute adrenocorticotrophic hormone 
(ACTH) secretion in fetal rhesus macaque primates: a novel 
dynamic test of pituitary function. The Journal of Clinical En-
docrinology & Metabolism, 81(11), 4170-4173.

Altstaedt, J., Kirchner, H., & Rink, L. (1996). Cytokine produc-
tion of neutrophils is limited to interleukin-8. Immunology, 
89(4), 563-568.

Basran, A., Jabeen, M., Bingle, L., Stokes, C. A., Dockrell, D. 
H., Whyte, M. K., Walmsley S. R., Higgins K. R.,Vogel, S. 
N., Wilson, H. L., & Prince, L. R. (2013). Roles of neutrophils 
in the regulation of the extent of human infl ammation through 
delivery of IL-1 and clearance of chemokines. Journal of Leu-
kocyte Biology, 93(1), 7-19.

Besedovsky, H., Del Rey, A., Sorkin, E., & Dinarello, C. A. 
(1986). Immunoregulatory feedback between interleukin-1 and 
glucocorticoid hormones. Science, 233(4764), 652-654.

Brenner, I., Shek, P. N., Zamecnik, J., & Shephard, R. J. (1998). 
Stress hormones and the immunological responses to heat and 
exercise. International Journal of sports medicine, 19(02), 130-
143.

Cerutti, A., Puga, I., & Magri, G. (2013). The B cell helper side 
of neutrophils. Journal of Leukocyte Biology, 94(4), 677-682.

Chrousos, G. P. (1995). The hypothalamic–pituitary–adrenal axis 
and immune-mediated infl ammation. New England Journal of 
Medicine, 332(20), 1351-1363.

Davis, A. K., Maney, D. L., & Maerz, J. C. (2008). The use of 



569Discrepancy between plasma cortisol level and neutrophil-to-lymphocyte ratio in sheep during shearing

leukocyte profi les to measure stress in vertebrates: a review for 
ecologists. Functional Ecology, 22(5), 760-772.

Dhabhar, F. S. (2002a). A hassle a day may keep the doctor away: 
stress and the augmentation of immune function. Integrative 
and Comparative Biology, 42(3), 556-564.

Dhabhar, F. S. (2002b). Stress-induced augmentation of immune 
function – the role of stress hormones, leukocyte traffi cking, 
and cytokines. Brain, Behavior and Immunity, 16(6), 785-798.

Dhabhar, F. S., & McEwen, B. S. (1999). Enhancing versus sup-
pressive effects of stress hormones on skin immune function. 
Proceedings of the National Academy of Sciences, 96(3), 1059-
1064.

Dhabhar, F. S., Malarkey, W. B., Neri, E., & McEwen, B. S. 
(2012). Stress-induced redistribution of immune cells – from 
barracks to boulevards to battlefi elds: A tale of three hormones 
– Curt Richter Award Winner. Psychoneuroendocrinology, 
37(9), 1345-1368.

Fleshner, M., Frank, M., & Maier, S. F. (2017). Danger signals 
and infl ammasomes: stress-evoked sterile infl ammation in 
mood disorders. Neuropsychopharmacology, 42(1), 36-45.

Gardill, B. R., Vogl, M. R., Lin, H. Y., Hammond, G. L., & 
Muller, Y. A. (2012). Corticosteroid-binding globulin: struc-
ture-function implications from species differences. PloS one, 
7(12), e52759.

Gayrard, V., Alvinerie, M., & Toutain, P. L. (1996). Interspecies 
variations of corticosteroid-binding globulin parameters. Do-
mestic Animal Endocrinology, 13(1), 35-45.

Hammond, G. L., Smith, C. L., Paterson, N. A., & Sibbald, W. 
J. (1990). A role for corticosteroid-binding globulin in delivery 
of cortisol to activated neutrophils. The Journal of Clinical En-
docrinology & Metabolism, 71(1), 34-39.

Henley, D. E., & Lightman, S. L. (2011). New insights into corti-
costeroid-binding globulin and glucocorticoid delivery. Neuro-
science, 180, 1-8.

Henry, C. M., Sullivan, G. P., Clancy, D. M., Afonina, I. S., 
Kulms, D., & Martin, S. J. (2016). Neutrophil-derived prote-
ases escalate infl ammation through activation of IL-36 family 
cytokines. Cell Reports, 14(4), 708-722.

Herman, J. P., McKlveen, J. M., Solomon, M. B., Carvalho-
Netto, E., & Myers, B. (2012). Neural regulation of the stress 
response: glucocorticoid feedback mechanisms. Brazilian 
Journal of Medical and Biological Research, 45(4), 292-298.

Hill, L. A., Bodnar, T. S., Weinberg, J., & Hammond, G. L. 
(2016). Corticosteroid-binding globulin is a biomarker of in-
fl ammation onset and severity in female rats. The Journal of 
Endocrinology, 230(2), 215-225.

Kovács, K. J., & Elenkov, I. J. (1995). Differential dependence of 
ACTH secretion induced by various cytokines on the integrity 
of the paraventricular nucleus. Journal of Neuroendocrinology, 
7(1), 15-23.

Lin, H. Y., Underhill, C., Gardill, B. R., Muller, Y. A., & Ham-
mond, G. L. (2009). Residues in the human corticosteroid-
binding globulin reactive center loop that infl uence steroid 
binding before and after elastase cleavage. Journal of Biologi-
cal Chemistry, 284(2), 884-896.

Matalka, K. Z. (2003). Neuroendocrine and cytokines-induced re-
sponses to minutes, hours, and days of mental stress. Neuroen-
docrinology Letters, 24(5), 283-292.

Mattos, G. E., Heinzmann, J. M., Norkowski, S., Helbling, J. 
C., Minni, A. M., Moisan, M. P., & Touma, C. (2013). Cor-
ticosteroid-binding globulin contributes to the neuroendocrine 
phenotype of mice selected for extremes in stress reactivity. 
The Journal of Endocrinology, 219(3), 217-229.

Maxwell, M. H. (1993). Avian blood leucocyte responses to stress. 
World‘s Poultry Science Journal, 49(1), 34-43.

McFarlane, J. M., & Curtis, S. E. (1989). Multiple concurrent 
stressors in chicks. 3. Effects on plasma corticosterone and the 
heterophil: lymphocyte ratio. Poultry Science, 68(4), 522-527.

Mócsai, A. (2013). Diverse novel functions of neutrophils in im-
munity, infl ammation, and beyond. Journal of Experimental 
Medicine, 210(7), 1283-1299.

Moisan, M. P., & Castanon, N. (2016). Emerging role of corti-
costeroid-binding globulin in glucocorticoid-driven metabolic 
disorders. Frontiers in Endocrinology, 7, 160.

Ousova, O., Guyonnet-Duperat, V., Iannuccelli, N., Bidanel, J. 
P., Milan, D., Genê t, C., Llamas, B., Yerle, M., Gellin, J. L., 
Chardon P., Emptoz-Bonneton A., Pugeat, A., Mormede, 
P., & Moisan, M.-P. (2004). Corticosteroid binding globulin: 
a new target for cortisol-driven obesity. Molecular Endocrinol-
ogy, 18(7), 1687-1696.

Pemberton, P. A., Stein, P. E., Pepys, M. B., Potter, J. M., & Car-
rell, R. W. (1988). Hormone binding globulins undergo serpin 
conformational change in infl ammation. Nature, 336(6196), 
257-258.

Polsky, L., & von Keyserlingk, M. A. (2017). Invited review: Ef-
fects of heat stress on dairy cattle welfare. Journal of Dairy 
Science, 100(11), 8645-8657.

Sanger, M. E., Doyle, R. E., Hinch, G. N., & Lee, C. (2011). 
Sheep exhibit a positive judgement bias and stress-induced hy-
perthermia following shearing. Applied Animal Behaviour Sci-
ence, 131(3-4), 94-103.

Siiteri, P. K., Murai, J. T., Raymoure, W. J., Kuhn, R. W., Ham-
mond, G. L., & Nisker, J. A. (1982). The serum transport of 
steroid hormones. Recent Progress in Hormone Research, 38, 
457-510.

Silverman, M. N., Pearce, B. D., Biron, C. A., & Miller, A. H. 
(2005). Immune modulation of the hypothalamic-pituitary-
adrenal (HPA) axis during viral infection. Viral Immunology, 
18(1), 41-78.

Tecchio, C., Micheletti, A., & Cassatella, M. A. (2014). Neutro-
phil-derived cytokines: facts beyond expression. Frontiers in 
Immunology, 5, 508.

Verbeek, E., Oliver, M. H., Waas, J. R., McLeay, L. M., Blache, 
D., & Matthews, L. R. (2012). Reduced cortisol and metabolic 
responses of thin ewes to an acute cold challenge in mid-preg-
nancy: implications for animal physiology and welfare. PLoS 
One, 7(5), e37315.

Widowski, T. M., Curtis, S. E., & Graves, C. N. (1989). The 
neutrophil-to-lymphocyte ratio in pigs fed cortisol. Canadian 
Journal of Animal Science, 69(2), 501-504.

Received: June, 15, 2018; Accepted: July, 25, 2018; Published: June, 30, 2019



<<
  /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


