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Abstract
The object of the present paper was to investigate the effect of altitude hypoxia on adrenal 
activity and blood leukocyte distribution in ewes having different baseline hematocrit levels.
Ewes from Ile de France breed were allocated into two groups according to their baseline 
hematocrit level: group I low baseline hematocrit and group II high hematocrit level. 
Blood samples were taken before shearing (baseline level), immediately after shearing, 3 h 
after shearing, 14 d following exposure to moderate altitude (1440 m above sea level),
immediately after transport to low altitude (500 m above sea level) following 4 months long 
exposure to altitude and 7 d later. All samples were analyzed for cortisol and neutrophil- to-
lymphocyte ratio. Baseline hematocrit level was closely related with the rate of adrenal 
response to shearing and exposure to altitude. There was inverse relationship between plasma 
cortisol level and neutrophil-to-lymphocyte ratio following 14 d exposure to moderate altitude 
hypoxia and 7 d after transport to low altitude. Baseline neutrophil-to-lymphocyte ratio was 
not associated plasma level of cortisol. These results suggest that hematocrit related metabolic 
type of energy supply could have been implicated in the observed difference among the 
groups concerning sensitivity of leukocyte glucocorticoid receptors. 
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Introduction 
Neutrophil to-lymphocyte ratio is widely used as a stress marker, particularly in poultry 
(heterophil-to-lymphocyte ratio). Stress has been shown to induce significant increase in N/L 
ratio (Maxwell, 1993; Davis et al., 2008; Damgaard et al., 2009). However, several studies 
did not find such correlation (Prieto et al , 2014; Cotter, 2015a; Cotter, 2015b).

There is evidence that the basal values of hematocrit are closely related to the adrenal 
response and the metabolic pathway for energy supply (aerobic, anaerobic) (Evans and 
Whitlock, 1964; Jones et al., 1967; Grace et al., 1992, Mason, 2000; Stark and Schuster, 
2012; Shirasawa et al., 2013). In recent years immunologists have accentuated on the 
possibility of using bioenergetic profiles of leukocytes with the realization that leukocytes 
metabolism is closely tied to immunity (Kramer et al., 2014). Recent findings support the 
concept that circulating leukocytes can serve as early sensors of mitochondrial function under 
conditions of metabolic stress (Chacko et al., 2014).  Stress hormones have been identified as 
the major endocrine mediators in leukocyte distribution during acute or chronic stress 
(Dhabhar, 2009a). Leukocyte subpopulations adopt specific metabolic profiles to cope with 
environmental and proliferative stressors (Macintyre and Rathmel, 2013). The increase of
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shift of the more dominant metabolic pathway for energy supply (Seagroves et al., 2001). 

The object of the present paper was to investigate the effect of altitude hypoxia on adrenal 
activity and neutrophil-to-lymphocyte ratio distribution in ewes having different baseline 
hematocrit levels.

Materials and Methods
One hundred one Ile de France ewes (1-7 years old) were used in the present experiment.  All 
ewes of the flock were artificially inseminated in May following estrus synchronization. The 
animals were allocated into two groups following hematocrit measurement in all ewes. Group 
I comprised individuals with low level of hematocrit (low hematocrit group; n=10) and group 
II comprised individuals which had high level of hematocrit (high hematocrit group; n=10). 
Two additional measurement of baseline hematocrit at intervals of 10 days were performed in 
the sheep of both groups to verify hematocrit values of both groups, since hematocrit is 
known to be influenced by many factors and fluctuates from day to day. The average age of 
the ewes in   groups I and II was 3.9± 0.795 and 3.1± 0.745   years respectively. The ewes 
were shorn on June 2nd and were immediately  transported from the experimental base of the 
Institute of Animal Science, Kostinbrod (500 m above sea level) to the Petrohan Pass region 
(Balkan mountains), located at 1440 m above sea level. Minimum and maximum 
temperatures on that day were 13.9 - 25oC for the region of Kostinbrod (low altitude) and 8.2-
13.6oC for the region of Petrohan Pass (high altitude) respectively. The animals remained at 
high altitude for 4 months where they were on pasture for 10 h during the day. At night they 
stayed in a barn. The ewes had free access to a NaCl licking stone and water. In addition to 
pasture, they were offered concentrate once per day. Mean air temperature range in the region 
of Petrohan pass during the summer months of 2015 was 12 to 20oC. At the end of the grazing 
season the ewes were transported back to low altitude. At that time the ewes in groups I and II 
were at 131±6.652 and 140± 4.015 d of gestation respectively as estimated by the day of 
parturition. 

Blood samples were collected before shearing, immediately after shearing, at 14 d following 
exposure to moderate altitude, immediately after transport to low altitude and following 7d of 
stay at low altitude.

All samples were taken via jugular venipuncture within 3 min in the morning before feeding 
in order to minimize handling stress and avoid possible interference caused by cortisol diurnal 
variation. Blood samples were collected in EDTA tubes, centrifuged and stored at -20oC until 
analyzed. Plasma cortisol was measured using a commercial cortisol ELISA kit. Leukocyte 
subpopulations were counted microscopically in smears made after staining with Giemsa-
Romanovsky. The results of one factor analysis are expressed as means ± S.E.M. and were
analyzed by ANOVA.

Results and Discussion 
Baseline plasma cortisol level in the ewes of group II (high hematocrit group) was 
significantly higher (P<0.05) than that in ewes of group I (low hematocrit group). Shearing 
caused increase in the levels of cortisol in both groups. However, plasma level of cortisol in 
the ewes of group I unlike that in group II did not reach level of significance (Figure 1). The
higher cortisol level in the ewes of group II as compared to that in the ewes of group I 
persisted immediately after shearing (P<0.05), three hours after shearing (P<0.001) and at 14 
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d following exposure to moderate altitude (P<0.01). Transportation of sheep to low altitude 
increased cortisol level significantly (P<0.05) in the ewes of group I only as compared to the 
baseline level while in the ewe of group II the increase was insignificant. Cortisol level in the 
ewes of Group II remained unchanged at 7 d following transport relative to the level 
immediately after transport. On the contrary, plasma cortisol level in the ewes of group I 
declined at 7 d following transport and was similar to the baseline level. Our data suggest that 
basal and stress-induced cortisol levels were closely related to baseline values of hematocrit. 
Besides, it seems that hematocrit related response to stress depends on the nature of the stress 
stimuli. In general, cortisol levels in the sheep of Group II were higher than those in the sheep 
of group I.

*P<0.05, ** P<0.01, ***P<0.001
a - significantly different among the groups
b - significantly different versus baseline level
c - significantly different versus immediately after transport to low altitude

Figure 1. Cortisol in sheep with low and high hematocrit values following shearing, exposure 
to moderate altitude and transport to low altitude.

In our previous study we suggested that hematocrit was closely related to the metabolic 
energy supply. High hematocrit sheep was proposed to have predominantly anaerobic energy 
supply as compared to low hematocrit sheep (aerobic energy supply).  Consequently, 
hematocrit associated response to stress found in this study may be attributed to the specific 
metabolic pathway for energy supply inherent in each hematocrit type.

There was no difference in baseline neutrophil-to-lymphocyte ratio (N/L ratio) among the 
groups (Figure 2). Neutrophil-to-lymphocyte ratio remained unchanged immediately after 
shearing. This result could be due to the chronological order of catecholamines and cortisol 
secretion. Both catecholamines and cortisol have been reported to play a role in the 
distribution of leukocyte subpopulations (Dhabhar et al., 1995). Also, a certain role could be 
attributed to the rapid change in blood volume during shearing due to a quick turnover of 
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water (Piccione et al., 2006; Piccione et al. 2010; Hashem, 2014). The increased N/L ratio 3 
hours after shearing in both experimental groups (P<0.001) was most probably due to the well 
documented effect of glucocorticoids on distribution of leukocyte subpopulation. It is well 
known that peak plasma catecholamine response occurs rapidly after onset of the stress and   
precedes that of glucocorticoid response to stress. Furthermore, the dynamic change in the 
release of catecholamines and cortisol has been shown to have opposite effects on leukocyte 
distribution during acute and chronic stress (Schedlowski et al., 1993; Dhabhar, 2009a;
Dhabhar, 2009b).

*P<0.05, ** P<0.01, ***P<0.001
a- significantly different among the groups
b- significantly different versus baseline level

Figure 2. Neutrophil to lymphocyte ratio in sheep with low and high hematocrit values 
following shearing, exposure to moderate altitude and transport to low altitude.

Recently, leukocyte subpopulations are considered in the context of their bioenergetics.
Neutrophils are known to rely on anaerobic glycolysis for energy supply, while lymphocytes
in quiescent state use primarily oxidative phosphorylation to meet their energetic needs. 
However, lymphocyte activation is associated with an increase in both glycolytic function and 
mitochondrial oxygen consumption (Kramer et al., 2014).

It is worth noting that N/L ratio was higher at 14 d following exposure to altitude and 7d 
following transport to low altitude in the sheep having low baseline hematocrit as compared 
to those having high baseline hematocrit level. Therefore, it could be assumed that hematocrit 
related metabolic type of energy supply was implicated in the observed difference among the 
groups concerning these leukocyte subtypes. This view is further supported by the similar N/L 
ratio among the groups before and following shearing against the background of higher 
cortisol level in the ewes of group II, that is a reliable marker of increased metabolic rate in 
these ewes. Besides, the lack of association between N/L ratio and plasma level of cortisol at 
that time may be due to decreased leukocyte glucocorticoid receptors.
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Conclusion
1. Baseline hematocrit level was closely related with the rate of adrenal response to

shearing and exposure to altitude.
2. There was inverse relationship between plasma cortisol level and neutrophil to

lymphocyte ratio following 14 d exposure to moderate altitude hypoxia and 7 d after
transport to low altitude.

3. Baseline Neutrophil-to-lymphocyte ratio was not associated plasma level of cortisol.
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