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Abstract: This research was designed to provide data on the influence of the season on the year in the hematology of 
the Carthusian broodmares. Thirty-eight healthy Carthusian broodmares, aged 7-14 years were sampled during a year 
every two weeks. Therefore, a total of 24 blood samples were withdrawn for each animal. The following variables were 

measured: red blood cell count, hemoglobin concentration, packed cell volume, volumetric indexes (mean corpuscular 
volume, mean corpuscular hemoglobin, mean corpuscular hemoglobin concentration), total white blood cell count and 
subtypes (neutrophils, lymphocytes, eosinophils, monocytes and basophils), platelet count and serum concentrations. 

Red blood cell count and packed cell volume were higher in spring. Mean corpuscular volume increased in autumn and 
mean corpuscular hemoglobin and mean corpuscular hemoglobin concentration decreased in summer and autumn. 
Platelet count increased in summer. The highest numbers of neutrophils, lymphocytes and eosinophils were found in 

spring. Serum proteins and neutrophil/lymphocyte ratio remained statistically unchanged during the study. It is concluded 
that there is seasonality in the hematological parameters of the Carthusian broodmares.  
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INTRODUCTION  

In equine medicine, hematology is pivotal to assess 

health, to diagnose a disease, to formulate a prognosis, 

to monitor disease evolution and to investigate loss of 

performance in sport horses. Clinical hematological 

variables appear to be subjected to biological rhythms 

[1-4]. Indeed, seasonal variations are exogenous 

factors that modulate the dynamic of blood components 

in horses, both in cycling and pregnant mares [2, 4-7]. 

Indeed, red blood cells count (RBC), hemoglobin 

concentration (HB) and o packed cell volume (PCV) in 

Thoroughbreds and Arabian horses decreased in 

winter [5, 8, 9]. 

In humans, Kristal-Boneh et al. [10] stated that HB 

and PCV are significantly lower in summer than during 

the rest of the year, and this fact has been attributed to 

a decrease in mean corpuscular volume (MCV). These 

authors justified these reductions as an adaptation to 

heat, with plasma and red cell volume expansion. 

Indeed, these patterns could be subjected to a different 

degree of tolerance to the cold and dissimilar changes 

in ambient temperatures of different locations. 

Moreover, it has been suggested that cold decrease 

RBC due to a reduction in half-life, in a proportional 
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manner to its intensity [11]. Cheung et al. [12] found 

that PCV varied with the seasons, although in this 

case, a peak value was achieved in summer. These 

authors also demonstrated that hemoconcentration 

was of insufficient magnitude to explain the rise in 

PCV. Peng et al. [13] confirmed that platelet counts in 

healthy humans are greatly influenced by biological 

influences such as geographical and seasonal 

variations. Likewise, circannual variations in total 

lymphocyte count, lymphocyte subgroups and 

basophils have been described [14, 15].  

The Carthusian horse is a strain of the Andalusian 

breed. It constitutes a small population, located in the 

south of Spain, and is of high economic and genetic 

value. According to Haus et al. [16] some physiological 

rhythms are presumably genetically determined. 

Therefore, the knowledge of the rhythmic variations of 

the hematological parameters in this equine strain has 

important diagnostic, therapeutic, research and 

epidemiological implications. Therefore, the current 

research aims to assess the influence of the season 

when blood samples were obtained in the 

hematological parameters of Carthusian broodmares.  

MATERIAL AND METHODS 

Mares and General Management 

This research was approved by the animal ethics 

committee of the CEU-Cardenal Herrera University. 
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Data were taken from a group of 38 Carthusian 

broodmares that belonged to the same stud and aged 

between 4 and 17 years. All the mares were clinically 

healthy and venous blood samples were taken 

periodically, every 15 days, during the whole study 

period, with a total duration of 12 months.  

During the experiment, the mares were kept in 

pasture most of the time, being placed in a box when 

the environmental temperatures were high (more than 

35ºC) or low (less than 10ºC). Monthly maximum, 

minimum and mean values of relative humidity, 

temperature and number of sunlight hours were 

recorded. The blood samples were withdrawn with the 

animals fasted, always before morning feeding. 

Feeding consisted of 5 kg of a pelleted food composed 

by beet, barley, soybeans and oat, divided into two 

meals, and good quality hay.  

Blood Samples Management and Laboratory 
Procedures 

Immediately after venipuncture of the external 

jugular vein, and directly from the syringe, without 

anticoagulant, a blood smear was performed and air-

dried. The rest of the blood was poured into EDTA-3K 

tubes to determine the hematological parameters and 

into glass tubes without anticoagulant to measure total 

serum proteins after coagulation and serum harvesting. 

The samples were maintained refrigerated during the 

transport to the laboratory and in all the cases, the 

analyses were performed within the first 12 hours after 

extraction. 

The following hematological parameters were 

measured: red blood cell count (RBC), hemoglobin 

concentration (HB), hematocrit (HTO), mean 

corpuscular volume (MCV), mean corpuscular 

hemoglobin (MCH), mean corpuscular hemoglobin 

concentration (MCHC), white blood cell count (WBC) 

and platelets (PLT). These measurements were made 

with a semiautomatic counter (Sysmex F-820). The 

differential WBC count was carried out in the first blood 

smear (without anticoagulant), which was fixed with 

ethanol and stained with May-Grünwald-Giemsa stain 

The absolute number of the WBC populations was 

quantified by microscope observation (Olympus CX 21) 

with oil immersion 100X objective. The following WBC 

populations were measured: lymphocytes (LYMP), 

band neutrophils (BNTP), neutrophils with less than 

three nuclear lobulations (NTP<3), neutrophils with 

more than three nuclear lobulations (NTP>3), 

segmented neutrophils (SNTP, which represented the 

sum of NTP<3 and NTP>3), total neutrophils (TNTP, 

which represented the sum of BNTP and SNTP), 

eosinophils (EOS), monocytes (MON), basophils (BAS) 

and neutrophil/lymphocyte ratio (N/L). Finally, the 

concentration of total serum proteins (TSP) was 

assessed by refractometry (Atago). 

Statistics 

The differences associated to the season were 

investigated with an ANOVA test. A p value of less than 

0.05 was considered to be statistically significant. Data 

were analyzed using the statistical program SPSS. 

RESULTS 

The average, maximum and minimum values of 

relative humidity, temperature and the number of hours 

of sunshine for each month are shown in Table 1. 

Table 1: Environmental Conditions During the Period of Study 

 Relative humidity (%) Mean temperature (ºC) Hours of light (h:min:s) 

January 76 9.9 06:15:02 

February 68 13.50 07:10:07 

March 59 15.20 08:16:12 

April 69 19.70 07:25:00 

May 65 24.40 10:31:36 

June 57 24.0 11:33:24 

July 57 26.40 11:32:24 

August 58 26.20 11:01:36 

September 64 22.70 08:10:24 

October 76 20.40 06:01:48 

November 69 13.00 07:38:48 
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Median and percentiles for the studied parameters in 

the four seasons are presented in Table 2. The 

hematological parameters presented significant 

differences when comparing the four seasons of the 

years, with exception of TSP, MON, BAS and N/L ratio 

(Table 2).  

DISCUSSION 

Red Blood Cell Count, Hemoglobin Concentration 
and Packed Cell Volume 

Previous studies in Arabian [17] and Thoroughbred 

mares [6] reported increased RBC, HB and PCV in 

autumn and winter. These variations were associated 

with metabolic acclimation environment. Experimental 

studies performed in small rodents showed that low 

temperatures, as happen in winter, would require a 

high metabolic capacity for regulating body 

temperature, and this fact would enhance 

erythropoiesis in order to increase the transport and 

release of oxygen to the tissues [11]. Similarly, in 

human beings, it has been described that in winter 

sympathetic activity increases, with greater release of 

catecholamines and higher blood pressure [18]. If the 

same facts are assumed to happen in the horse, RBC, 

HB and PCV should be greater in winter. However, in 

the current research, the minimum values of PCV were 

found in winter, and the same was reported by Satué et 

al. [7] previously. These results might reflect a more 

efficient oxygen transport in autumn and winter than in 

summer.  

During the summer, there is an adaptation of heat 

stress associated to the high temperatures. These high 

environmental temperatures activate thermoregulatory 

mechanisms, with loss of water through sweating and 

evaporation through respiratory mucoses. These facts 

could lead to a decrease in plasma volume and 

increase in PCV [19, 20]. However, TSPs did not differ 

in the four seasons in the Carthusian broodmares. Our 

results are in agreement with the data provided for 

other equine breeds, such as Thoroughbred [5], 

Arabian mares [8] and camels [21, 22]. Another 

explanation for the increased PCV in summer and 

autumn could be the more intense exercise performed 

by the animals, because they were in pasture [23, 24]. 

In addition, the effect of grazing should be considered. 

However, it is known that during spring, most water 

intake of grazing reduce the effect of secondary 

hemoconcentration induced by physical activity and/or 

thermoregulation Kristal-Boneh et al. [10] reported 

Table 2: Hematological Parameters in the Four Seasons of the Year in 38 Carthusian Broodmares (Different Letters 
Indicate Significant Differences at p<0.05; ANOVA) 

 SPRING SUMMER AUTUMN WINTER 

RBC (10
12

/l) 8.405 (7.73-9.79) a 9.21 (7.90-10.93) b 8.47 (7.68-9.48) a 8.34 (7.59-9.27) a 

HB (g/dl) 12.50 (11.70-13.30) a 11.90 (11.20-13.20) b 11.80 (11.00-12.60) b 12.40 (11.65-13.20) a 

PCV (%) 42.45 (38.50-47.10) a 45.70 (41.50-48.50) b 44.60 (41.40-47.40) b 41.95 (39.40-46.60) a 

MCV (fl) 49.64 (47.70-51.42) a 49.79 (44.03-53.00) a 51.50 (49.32-53.98) b 50.43 (48.54-52.91) a 

MCH (pg) 14.95 (13.54-15.91) a 13.80 (12.03-15.01) b 13.81 (12.56-15.29) b 15.08 (14.13-15.99) c 

MCHC (g/dl) 30.23 (27.85-31.61) a 27.72 (25.36-29.87) b 26.70 (25.05-28.83) b 29.93 (28.10-31.52) a 

PLT (10
9
/l) 167.5 (130.0-194.0) a 201.0 (156.0-307.0) b 175.0 (134.0-229.0) a 154.5 (126.0-182.5) c 

TSP (g/dl) 6.950 (6.60-7.20) a 6.80 (6.60-7.20) a 6.80 (6.60-7.20) a 7.00 (6.65-7.40) a 

WBC (10
9
/l) 11.10 (9.60-12.60) a 10.00 (8.55-11.30) b 8.50 (7.20-9.70) c 9.80 (8.70-11.80) b 

LYMP (10
9
/l) 4.70 (4.00-5.70) a 4.30 (3.70-5.10) a 3.70 (3.00-4.60) b 4.25 (3.65-5.00) a 

BNTP (10
9
/l) 0.22 (0.18-0.28) a 0.19 (0.16-0.23) b 0.16 (0.09-0.19) b 0.19 (0.15-0.25) b 

NTP<3 (10
9
/l) 1.32 (0.88-1.80) a 0.99 (0.68-1.55) b 1.10 (0.69-1.98) c 1.39 (0.85-2.12) a 

NTP>3 (10
9
/l) 3.81 (2.94-4.86) a 3.33 (2.77-4.19) a 2.62 (1.66-3.33) b 3.48 (2.40-4.09) a 

TNTP (10
9
/l) 5.35 (4.50-6.51) a 4.78 (3.83-5.80) b 4.06 (3.37-4.68) c 4.79 (3.99-5.72) b 

EOS (10
9
/l) 0.59 (0.35-0.94) a 0.48 (0.24-0.78) b 0.42 (0.30-0.71) b 0.53 (0.31-0.89) c 

MON (10
9
/l) 0.22 (0.18-0.29) a 0.19 (0.15-0.23) a 0.18 (0.15-0.28) a 0.21 (0.17-0.28) a 

BAS (10
9
/l) 0.002 (0.001-0.03)a 0.002 (0.001-0.002)a 0.002 (0.000-0.002) a 0.002 (0.001-0.003) a 

Ratio N/L 1.12 (0.93-1.41) a 1.08 (0.86-1.35) a 1.08 (0.87-1.30) a 1.08 (0.91-1.43) a 
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lower HB and PCV value in summer compared to 

winter. These variations are associated with heat 

acclimation rather than with individual changes to 

throughout the year. Anyway, this idea could not justify 

the results found in the present research, since as 

described above, the maximum values occurred in 

summer. 

Volumetric Indexes 

A previous work in experimental animals found that 

in winter, erythrocytes appear smaller in size when 

compared with spring and summer [11]. These 

researchers described an influence of genetic factors 

on changes in the size of red blood cells, that occurs 

independently of heat acclimatization. To the author´s 

best knowledge, this hypothesis has not been 

investigated in the horse yet. In our case, the smallest 

RBC was found in spring. Regarding MCHC and MCH, 

the results obtained in our study agree with the data 

provided by Kristal-Boneh et al. [10] in human beings. 

The lowest values of MCH in summer has been 

justified as a compensatory mechanism in face of a 

less efficient oxygen transport in the erythrocytes [5]. 

Serum Proteins 

The lack of significant variations in TSP in this study 

was unexpected. It has been demonstrated that this 

parameter decrease in spring when the animals have 

fresh grass. A second aspect to consider is the higher 

protein content of plants, with rapid growth during 

spring. In this same species, further research showed 

no seasonal variations in relation to TSP [8].  

Platelets 

The PLT count was significantly higher in summer, 

in agreement with the results provided for human 

beings [13, 25]. In laboratory animals, it has been 

shown that the release of platelets from bone marrow 

to peripheral blood is lower during winter and spring. 

Other studies in dogs have shown no seasonal 

variations on PLT count [26].  

White Blood Cell Parameters 

The results obtained in this investigation showed a 

marked seasonality effect in relation to the white blood 

cells. In main lines, WBC, LYMP, NTP and EOS 

presented their maximum values. The main causes of 

seasonal variations implied in these changes could be 

daylight, stress, climate changes (temperature and 

atmospheric pressure) and changes in diet [15, 27, 28].  

Some research shows that stress associated with 

cold weather in winter may suppress the immune 

response [29]. I human beings, Bokenes et al. [30] 

described a decrease in NTPs in winter associated with 

increased activation and adhesion to vascular 

endothelium. By contrast, other works show highest 

numbers of leukocytes in winter [15, 31]. In addition, 

experiments in mammals showed that the lymphoid 

organs reach their greatest size in autumn and winter 

[32]. These patterns could reveal the organic 

adaptation to severe winter weather conditions. 

Previous investigations revealed the existence of 

rhythmic variations in the number of WBC in peripheral 

blood, chronobiology subjected to the release of 

endogenous corticosteroids [33]. A seasonal activity 

was described in circulating concentrations of cortisol, 

with a direct effect on the WBCs [34-36]. In Arabian 

[37], Thoroughbred [6] and Standardbred mares [34] an 

increased number of WBC and NTP were described 

during winter, in association with higher concentrations 

of cortisol. This was justified by the action of low 

temperatures [38] and atmospheric pressure [39].  

In general, our results indicate that the highest 

numbers of total WBC and some of the different 

subtypes happened mainly in spring. It has been 

reported that seasonal variations associated with day 

length determines both the activation of the immune 

response in some mammals [7, 40] and the same could 

had happened in the present study. In the present 

study, the highest EOS count was found in the spring. 

It could be thought that the contact with parasites at the 

onset of spring, when the mares started to be at 

pasture, could be the main reason for the increased 

EOS number in this season.  

In conclusion, our results confirm that hematological 

parameters in Carthusian broodmares are subjected to 

seasonal variations that should be taken into account 

when interpreting hematology. Increased RBC, PCV 

and PLT were found in summer, whereas total WBC, 

LYM, NTP and EOS increased in spring.  

ACKNOWLEDGEMENTS 

The authors would like to express their gratitude to 

the staff of the Carthusian farm “Yeguada of Bocado” in 

Jerez de la Frontera, Cadiz, Spain, especially the help 

of Antonio, Alejandro and the veterinarians Javier Mota 

and Manuel Felipe is much appreciated. 



Season of the Year should be Considered in the Interpretation of Hematology Journal of Hematology Research,  2014 Vol. 1, No. 2     67 

REFERENCES 

[1] Messer NT. The use of laboratory tests in equine practice. 
Vet Clin North Am: Equine Pract 1995; 11: 345-350. 

[2] Satué K. Hematología en la yegua Pura Raza Española de 
Estirpe Cartujana. Doctoral Thesis. Departament of Animal 

Medicine and Surgery. CEU-Cardenal Herrera University, 
Valencia, Spain, 2004. 

[3] Lording PT. Erythrocytes. Vet Clinics North Am: Equine Pract 
2008; 24(2): 225-237. 
http://dx.doi.org/10.1016/j.cveq.2008.04.002 

[4] Satué K, Blanco O, Muñoz A. Age-related differences in the 

hematological profile of Andalusian broodmares of 
Carthusian strain. Vet Med Czech 2009; 54: 175-182. 

[5] Gill J, Wanska E. Seasonal changes in erythrocyte, 
hemoglobin and leukocyte indexes in barren mares of 

thoroughbred horses. Bull Acad Pol Sci Biol 1978; 26(5): 
347-353. 

[6] Gill J, Kownacka M. Seasonal changes in erythrocyte, 
hemoglobin and leukocyte indexes in pregnant mares of 
thoroughbred horses. Bull Acad Pol Sci Biol 1979; 27(2): 
143-148. 

[7] Satué K, Gardon JC, Muñoz A. Influence of the month of the 
year in the hematological profile in Carthusian broodmares. 
Hematololy Leukemia 2013; 1(6): 1-6. 

[8] Gill J, Szwarocka-Priebe T, Krupska U, Peplowska Z. 
Seasonal changes in haematological indices, protein and 

glycoprotein levels and in activity of some enzymes in 
Arabian horses. Bull Acad Polon Sci Ser Sci Biol 1979; 26: 
719-723. 

[9] Piccione G, Assenza A, Fazio F, Giudice E, Caola G. 
Different periodicities of some haematological parameters in 

exercise-loaded athletic horses and sedentary horses. J. 
Equine Sci 2001; 12(1): 17-23. 
http://dx.doi.org/10.1294/jes.12.17 

[10] Kristal-Boneh E, Froom P, Harari G, Shapiro Y, Green MS. 

Seasonal changes in red blood cell parameters. Br J 
Haematol 1993; 85(3): 603-607.  
http://dx.doi.org/10.1111/j.1365-2141.1993.tb03354.x 

[11] Ruiz G, Rosenmann M, Cortes A. Thermal acclimation and 
seasonal variations of erythrocyte size in the Andean mouse 

Phyllotis xanthopygus rupestris. Comp Biochem Physiol A 
Mol Integr Physiol 2004; 139: 405-409. 
http://dx.doi.org/10.1016/j.cbpb.2004.03.003 

[12] Cheung AK, Yan G, Greene T, Daugirdas JT, Dwyer JT, 

Levin NW, Ornt DB, Schulman G, Eknoyan G. Seasonal 
variations in clinical and laboratory variables among chronic 
hemodialysis patients. J Am Soc Nephrol 2002; 13: 2345-

2352. 
http://dx.doi.org/10.1097/01.ASN.0000026611.07106.A7 

[13] Peng L, Yang J, Lu X, Okada T, Kondo T, Ruan C, Wu Y, Xin 
X. Effects of biological variations on platelet count in healthy 
subjects in China. Thromb Haemost 2004; 91: 367-372.  

[14] Paglieroni TG, Holland PV. Circannual variation in 

lymphocyte subsets, revisited. Transfusion 1994; 34: 512-
516.  
http://dx.doi.org/10.1046/j.1537-2995.1994.34694295067.x 

[15] Broadbens S. Seasonal changes in haematology, 
lymphocyte transferrin receptors and intracellular iron in 

Ironman triathletes and untrained men. Eur J Appl Physiol 
2011; 111(1): 93-100. 
http://dx.doi.org/10.1007/s00421-010-1635-z 

[16] Haus E, Lakatua DJ, Swoyer J, Sackett-Lundeen L. 

Chronobiology in hematology and immunology. Am J Anat 
1983; 168: 467-517. 
http://dx.doi.org/10.1002/aja.1001680406 

 

 

 

[17] Gill J, Kompanowska-Jezierska E. Seasonal changes in the 

red blood cell indices in Arabian brood mares and their foals. 
Comp Biochem Physiol A 1986; 83(4): 643-651.  
http://dx.doi.org/10.1016/0300-9629(86)90703-6 

[18] Hata T, Ogihara T, Maruyama A, Mikami H, Nakamaru M, 
Naka T, Kumahara Y, Nugent CA. The seasonal variation of 

blood pressure in patients with essential hypertension. Clin 
Exp Hypertens A 1982; 4: 341-354. 
http://dx.doi.org/10.3109/10641968209060747 

[19] Donoghue AM, Sinclair MJ, Bates GP. Heat exhaustion in a 

deep underground metalliferous mine. Occup Environ Med 
2000; 57(3): 165-174. 
http://dx.doi.org/10.1136/oem.57.3.165 

[20] Eckersall PD. Proteins, proteomics, and the dysproteinemias. 
In: Kaneko JJ, Harvey JW, Bruss ML Eds. Clinical 

biochemistry of domestic animals, Elsevier/Academic Press, 
Amsterdam, 2008; pp 117-155.  
http://dx.doi.org/10.1016/B978-0-12-370491-7.00005-2 

[21] Ghosal AK, Appanna TC, Dwaraknath PK. Studies on the 

seasonal variations in the blood constituents of lndian camel 
(Camelus dromedarius). Ind J Anim 1973; Si 43: 642-644. 

[22] Salman R, Afzal M. Seasonal variations in haematological 
and serum biochemical parameters in racing camels. J 
Camel Sci 2004; 1: 63-65. 

[23] Rowlands GJ, Little W, Stark AJ, Manston R. The blood 

composition of cows in commercial dairy herds and its 
relationships with season and lactation. Br Vet J 1979; 135: 
64-74. 

[24] Singh CA, Rattan PJS. Seasonal variations in the contents of 
haemoglobin and the packed cell volume in the blood of 

Corriedale rams. J Res Agricultural University 1981; 18: 341-
344. 

[25] Crawford VL, McNerlan SE, Scout RW. Seasonal changes in 
platelets, fibrinogen and factor VII in elderly people. Age 
Ageing 2003; 32(6): 661-665. 
http://dx.doi.org/10.1093/ageing/afg113 

[26] Sothern RB, Farber MS, Gruber SA. Circannual variations in 
baseline blood values of dogs. Chronobiol Int 1993; 10(5): 
364-382. 
http://dx.doi.org/10.3109/07420529309064491 

[27] Gill J, Skwarlo K, Flisinska-Bojanowska A. Diurnal changes 

in the level of lactic and pyruvic acid and glucose in the 
thoroughbred horses. J Int Cycle Res 1972; 3: 305-311. 
http://dx.doi.org/10.1080/09291017209359340 

[28] Kostelecka-Myrcha A. Regularities of variations of the 

haematological values characterizing the respiratory function 
of blood in mammals. Acta Theriol 1997; 18: 1-56. 
http://dx.doi.org/10.4098/AT.arch.73-1 

[29] Apanius V. Stress and immune response. In: Moller AP, 
Milinski M, Slater PBJ Eds. Stress and behaviour, Acedemic 

Press, New York, 1998; pp 133-154. 
http://dx.doi.org/10.1016/S0065-3454(08)60363-0 

[30] Bokenes L, Alexandersen TE, Tveita T, Osterud B, Mercer 
JB. Physiological and hematological responses to cold 

exposure in young subjects. Int J Circumpolar Health 2004; 
63(2): 115-128. 
http://dx.doi.org/10.3402/ijch.v63i2.17698 

[31] Dzierzykray-Rogalski T. Rytmy i antyrytmy biologiczne. 
Wiedza Powszechna, Warszawa, 1980. 

[32] Nelson RJ, Demas GE. Seasonal changes in immune 

function. Quarterly Rev Biol 1996; 71(4): 511-548. 
http://dx.doi.org/10.1086/419555 

[33] McKeever KH. The endocrine system and the challenge of 
exercise. Vet Clinics North Am: Equine Pract 2002; 18: 321-
353. 
http://dx.doi.org/10.1016/S0749-0739(02)00005-6 

 

 

 



68      Journal of Hematology Research,  2014 Vol. 1, No. 2 Satué et al. 

[34] Gill J, Flisinska-Bojanowska A, Grzelkowska K. Diurnal and 

seasonal changes in the WBC number, neutrophil percentaje 
and lysozyme activity in the blood of barren, pregnant and 
lactating mares. Adv Agr Sci 1994; 3(1): 15-23. 

[35] Fazio EP, Medica L, Grasso C, Messineo A, Ferlazzo. 
Changes of circulating -endorphin, adrenocorticotrophin and 

cortisol concentrations during growth and rearing in 
Thoroughbred foals. Livest Sci 2009; 125: 31-36.  
http://dx.doi.org/10.1016/j.livsci.2009.02.021 

[36] Fazio EP, Medica A, Ferlazzo. Seasonal patterns of 

circulating -endorphin, adrenocorticotropic hormone and 
cortisol levels in pregnant and barren mares. Bulg J Vet Med 
2009 12: 125-135. 

[37] Gill J, Kompanowska-Jezierska E, Jakubow K, Kott A, 
Szumska D. Seasonal changes in the white blood cell 

system, lyzozyme activity and cortisol level in Arabian brood 

mares and their foals. Comp Biochem Physiol A 1985; 81(3): 
511-523. 
http://dx.doi.org/10.1016/0300-9629(85)91019-9 

[38] Czarniecki W. Niektóre aspekty kliniczne biorytmów. Med Lot 
1972; 38: 45-63. 

[39] Gill J. Dwuletnie badania sezonowych zmian wskaznikow 

hematoloigcznych I bialkowych krwi koni arabskich. Med Wet 
1982; 38: 309-312. 

[40] Prendergast BJ, Bilbo SD, Dhabhar FS, Nelson RJ. Effects of 
photoperiod history on immune responses to intermediate 
day lengths in Siberian hamsters (Phodopus sungorus). J 

Neuroimmunol 2004; 149(1-2): 31-39. 
http://dx.doi.org/10.1016/j.jneuroim.2003.12.006 

 

Received on 10-04-14 Accepted on 10-05-14 Published on 03-12-2014 

 
DOI: http://dx.doi.org/10.12974/2312-5411.2014.01.02.4 

© 2014 Satué et al.; Licensee Savvy Science Publisher. 
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License 
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in 
any medium, provided the work is properly cited. 

 


