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The characteristics associated with equine peripartum period are different from those of other periods. 
Information concerning the values and dynamic changes of circulating peripartum endocrine, meta-
bolic, and haematologic indices may improve the understanding of the whole body haemostatic pat-
terns which lead to parturition, lactogenesis, and estrus in the horse. The present study aimed to 
evaluate these changes around parturition in Darehshori breed. For this purpose, blood sampling was 
performed on six clinically healthy Darehshori mares (10 years old) about one week prior to parturi-
tion, three days following parturition, at the beginning of estrus, and one week after estrus. Circula-
ting values of glucose, estrogen, progesterone, cortisol, T3, T4, TG, cholesterol, HDL, LDL, VLDL, 
RBC, HGB, HCT, MCV, MCH, MCHC, WBC, neutrophil, lymphocyte, and PLT were assessed in all 
samples. Progesterone concentrations were minimum before parturition and increased significantly 
one week after foaling heat (P=0.035). Cortisol level was significantly higher during foaling heat 
compared with other periods (P=0.029). T4 levels significantly increased from pre- to post-partum 
periods (P=0.001), but T3 showed increased and decreased values during the study period. All serum 
lipid profile parameters were significantly reduced from pre to postpartum period (P<0.05). Haemato-
logical parameters in mares significantly changed during the peripartum period (P<0.05). Based on 
the results, the metabolic, haematological, endocrinological, and stress indices in Darehshori mares 
were found to change around parturition and the first estrus. These changes were largely dependent 
on hormonal mechanisms related to pregnancy and parturition occurring in normal mares. 
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INTRODUCTION 

The evaluation of blood parameters such 
as electrolytes and haematological, hor-

monal, and coagulation indices is common 
in clinical practices. For a meaningful 
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interpretation of haematological, bio-
chemical, and hormonal variables as well 
as milk components, it is necessary to 
draw a comparison with an established 
reference interval. However, during par-
ticular life phases such as peripartum and, 
particularly lactation, female mammals 
face physiological adaptations and de-
mands, which complicate the comparison 
with established reference intervals (Baz-
zano et al., 2014b; 2015; Arfuso et al., 
2016a,b;  Piccione et al., 2017). 

Characteristics related to equine peri-
partum period are different from those of 
other periods. Researchers believe that 
hormonal, haematological, and biochemi-
cal factors may fluctuate during this pe-
riod and that these changes are commonly 
caused by endocrinologic patterns (Black-
more et al., 1978; Bayly et al., 1996). 
Furthermore, the most apparent fluctua-
tions may be attributed to foetal growth 
demands and the subsequent lactogenesis 
(Orozco et al., 2007). Pregnant mares also 
undergo stressful conditions following 
parturition and lactation, which may chan-
ge their immune system function (Moffett 
& Loke, 2004). The stress caused by par-
turition along with the risk of post-partum 
infections impact haematological, bio-
chemical, and immunological parameters 
of key importance for mares’ immunity 
during this period (Padgett & Glaser, 
2003). All mentioned dynamic changes 
during pregnancy, parturition, and lacto-
genesis may affect the internal homeosta-
sis of mares. Aoki & Ishii (2012) reported 
that at the end of pregnancy and in post-
partum periods, certain changes occurred 
in leukocytes distribution in mares. How-
ever, some studies have shown that a 
moderate anaemia takes place during 
pregnancy (Satue & Domingo, 2008; 
Satue et al., 2012). In comparison with 
other farm animals, the postpartum period 

of mares has unique characteristics be-
cause more than half of all mares exhibit a 
“foal heat” commencing 6 to10 days fol-
lowing parturition (Holtan et al., 1975).  

There are many studies on haema-
tologic and biochemical dynamic changes 
from pre- to post-parturition periods of 
different breeds of horses (Kramer, 2000; 
Orozco et al., 2007; Aoki & Ishii, 2012; 
Satué et al., 2012; Mariella et al., 2014; 
Krakowski et al., 2017); nonetheless, 
there is a paucity of information concern-
ing circulating endocrine, metabolic, and 
haematologic indices during the peripar-
tum period of Darehshori mares. Knowing 
these values and dynamic changes during 
that period may help understanding the 
whole body haemostatic patterns which 
lead to parturition, lactogenesis, and es-
trus in this breed. In view of these consi-
derations, the objective of the present stu-
dy was to evaluate the trend of the circulat-
ing levels of the foregoing parameters in 
Darehshori mares from one week before 
parturition to one week after the first heat. 

MATERIALS AND METHODS 

This study was carried out from March to 
June 2017 on six adult Darehshori preg-
nant mares (10 years old) in the vicinity of 
Shiraz, southwest Iran. All six horses, 
which were in resting period, were kept in 
individual stalls and fed balanced rations 
including alfalfa hay, corn silage, and 
barley grain. The subjects had no history 
of debilitating diseases and were clinically 
healthy and free from internal and external 
parasites based on laboratory parasitic 
examinations and routine anti-parasitic 
programmes.  

The pregnancy age was calculated 
based on the date of mating, and the par-
turition time was further estimated. Via 
jugular venipuncture, blood samples were 
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obtained from all animals and maintained 
in plain and EDTA coated tubes (Orom 
Tajhiz Gostar Co, Iran) one week before 
parturition, three days after parturition, 
during the first heat, and one week after 
the heat signs vanished. Immediately after 
blood collections, sera were separated by 
centrifugation for 10 minutes at 3,000 g 
and stored at  22 oC until assayed.  

Glucose was assayed by an enzymatic 
(glucose oxidase) colorimetric method 
(ZistChem®, Tehran, Iran). The sera were 
analysed for cholesterol by a modified 
Abell-Kendall/Levey-Brodie (A-K) 
method (Burtis & Ashwood, 1994), and 
triglyceride (TG) by the enzymatic proce-
dure of Mcgowan et al. (1983). Lipopro-
teins were isolated using a combination of 
precipitation and ultracentrifugation. 
HDL-cholesterol was measured based on 
the precipitation method. In the first step, 
the precipitation reagent (sodium phos-
photungstate with magnesium chloride) 
was added to the serum to aggregate non-
HDL lipoproteins sedimented by centrifu-
gation (10,000×g for 5 min). Afterwards, 
residual cholesterol was measured by the 
enzymatic method (Burtis & Ashwood, 
1994). LDL-cholesterol was calculated as 
the difference between the total choles-
terol measured in the precipitate and in 
the HDL fraction minus 0.2×triglyceride 
(LDL=total cholesterol–HDL cholesterol–
0.2×TG). VLDL-cholesterol was esti-
mated as one-fifth of triglyceride concen-
tration (Friedewald et al., 1972). Serum 
triiodothyronine (T3) concentrations were 
measured through the use of a competitive 
enzyme immunoassay kit (Padtan Elm 
Co., Tehran, Iran) and serum thyroxine 
(T4) via a competitive enzyme immunoas-
say kit (Monobind Inc., CA, USA). Serum 
cortisol concentrations were determined 
by Enzyme Immunoassay Colorimetric 
method (AccuBind® ELISA kit; Mono-

bind Inc., CA, USA). Estrogen and pro-
gesterone were assayed by commercial 
ELISA kits (Monobind inc. Lake Forest, 
CA92630, USA).  

Through automated cell counter (Exi-
go®, model Vet50939, Sweden), a comp-
lete blood count was conducted on whole 
blood samples in order to count and 
evaluate red blood cell (RBC), haemoglo-
bin (HBG), haematocrit (HCT), mean cor-
puscular volume (MCV), mean corpuscu-
lar haemoglobin (MCH), mean corpuscu-
lar haemoglobin concentration (MCHC), 
white blood cell (WBC), neutrophil, lym-
phocyte and platelet (PLT) counts.  

All data were expressed as mean±SD. 
The Kolmogorov-Smirnov test revealed 
that the data were normally distributed, 
and parametric tests were done to assess 
the data. One-way analysis of variance 
(ANOVA) analysed the differences 
among the studied periods regarding the 
average concentrations of various indices; 
furthermore, the least significant differ-
ence (LSD) was employed as post-hoc test 
to find the differences. Repeated measures 
ANOVA was used to evaluate the chang-
ing pattern of each parameter during the 
study period using SPSS software (SPSS 
for Windows, version 20, SPSS Inc, Chi-
cago, IL, USA). The significance level 
was set at P<0.05. 

RESULTS  

Table 1 presents the dynamic changes of 
circulating endocrine, metabolic, and 
haematologic indices (mean±SD) during 
the periparturient period of adult Dareh-
shori mares. As observed, with the excep-
tion of MCH and MCHC (P>0.05), the 
dynamic changes of all studied parameters 
during this period were significant 
(P<0.05).  
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The highest levels of TG, cholesterol, 
HDL, VLDL, MCHC, neutrophil, and 
PLT were detected one week prior to par-
turition. LDL, MCV, and lymphocyte 
were at their maximum three days after 
parturition. Circulating estrogen, cortisol, 
T3, T4, HCT, HGB, MCH, and WBC 
were at the highest levels during the first 
heat. The highest values of progesterone, 
glucose, and RBC were observed a week 
after the first heat (Table 1; P<0.05). 

Minimum levels of progesterone, T4, 
RBC, HCT, HGB, and lymphocyte were 
detected one week prior to parturition. 
Estrogen, cortisol, T3, glucose, MCHC, 
WBC and neutrophils were at their lowest 
three days following parturition. Circulat-
ing LDL value was minimum during the 

first heat. The lowest values of TG, cho-
lesterol, HDL, VLDL, MCV, MCHC, and 
PLT were observed one week after the 
first heat (Table 1; P<0.05). 

DISCUSSION 

Parturition is a unique phenomenon that 
changes the haemostatic patterns of the 
whole body. The characteristics of peri-
partum differ from those of other periods, 
so it is essential to obtain information 
regarding these differences for better 
evaluation of mares in this period. Several 
literature reports demonstrated haemato-
logical and biochemical dynamic changes 
during parturition and foaling in different 

Table 1. Circulating endocrine, metabolic and hematologic indices (mean±SD) at peri-parturient 
period of adult Darehshori mares (n=6). 

 

Parameters 
1 week before 

parturition 
3 days after 
parturition 

During the 
first heat 

1 week after the 
first heat 

Estrogen (pg/mL) 22.65±2.36a 16.97±1.88b 38.76±2.20c 19.29±10.78a 
Progesterone (ng/mL)   2.90±0.39a   4.34±0.55b   6.81±1.58c 12.68±2.28d 
Cortisol (ng/mL)   3.88±0.40a   3.40±0.31a   5.52±0.77b   4.37±0.68c 
T3 (ng/dL) 83.00±16.94a 61.16±8.42b 84.50±16.69a 78.50±10.83c 
T4 (ng/dL)   2.95±0.15a   3.28±0.09b   3.41±0.14b   3.21±0.14b 
Glucose (mmol/L)   5.56±0.95a   4.47±0.41b   4.74±0.68b   5.68±0.2a 
TG (mmol/L)   0.48±0.15a   0.28±0.08b   0.24±0.11b   0.15±0.01c 
Cholesterol (mmol/L)   2.49±0.03a   2.06±0.27b   2.00±0.39c   1.80±0.31d 
HDL (mmol/L)   3.67±1.25a   3.00±0.96b   2.45±0.44c   2.28±0.35d 
LDL (mmol/L)   0.96±0.05a   1.06±25.31a   0.65±0.1b   0.58±0.03b 
VLDL (mmol/L)   0.22±0.07a   0.13±0.03b   0.11±0.05c   0.07±0.01d 
RBC (109/L)   8.62±1.52a   9.17±1.21b 9.91±2.67c   9.34±1.52b,c 
HCT (%) 40.25±4.38a 44.81±3.58b 46.33±11.54b 45.40±6.85b 
HGB (mmol/L)   1.99±0.3a   2.08±0.29b   2.21±0.48b   2.17±0.35b 
MCV (fL) 48.23±3.45a 49.86±2.41a 43.51±9.04b 41.75±6.24b 
MCH (pg) 15.20±1.22a 15.10±1.69a 15.31±0.96a 15.05±1.91a 
MCHC (g/dL) 32.38±3.17a 29.78±1.45a 30.50±0.79a 30.01±1.90a 
WBC (109/L)   9.90±1.52a    8.14±0.74b 10.00±1.41a   9.80±0.73a 
Neutrophil (%) 55.36±4.27a 26.26±12.15b 48.01±8.11c 39.28±4.72d 
Lymphocyte (%) 36.76±6.45a 66.26±12.86b 42.96±7.97c 53.50±4.69d 
PLT (109/L) 142.01±48.35a 116.01±37.22b 95.01±17.34c 88.25±13.89d 

a,b,c,d: Different letters for each parameter indicate significant differences among all peri-parturient 
periods (P<0.05). 
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horse breeds (Kramer, 2000; Orozco et 
al., 2007; Aoki & Ishii, 2012; Satué et al., 
2012; Mariella et al., 2014; Krakowski et 
al., 2017); nevertheless, no data are avail-
able concerning changes from pre- to 
post-partum periods of Darehshori mares. 

The endocrine control of parturition in 
mares is similar to that of other species 
and involves the combined functions of 
progesterone, estrogen, cortisol, pros-
taglandins, and oxytocin. Endocrine dy-
namic changes take place to induce partu-
rition, and they typically begin approxi-
mately 300 days of gestation with the on-
set of an increase in maternal progeste-
rone concentrations. However, the rise in 
maternal progesterone also appears to 
have an important role in the final stages 
of mammary gland development. More-
over, the start of myometrial contractile 
activities in mares seems to coincide with 
the precipitous fall in maternal progester-
one levels. Contrary to most other species 
(Haluska & Currie, 1988), delivery in 
mares takes place under high concentra-
tions of progesterone. Although the onset 
of foaling is associated with a decline in 
total progesterone concentration, the ini-
tiation of parturition does not require a 
progesterone reduction to near-zero valu-
es. The early postpartum endometrial cells 
undergo apoptosis; however, the prolifera-
tion of cells is predominant during the 
second week with the increased expres-
sion of estrogen receptors, allowing the 
endometrium to respond to estrogen dur-
ing foal heat; in the subsequent diestrus, 
the endometrium is able to respond to 
progesterone (Jischa et al., 2008). The 
results of the current study showed that 
progesterone concentrations were at their 
lowest prior to parturition while increas-
ing significantly a week after foaling heat 
(Table 1).  

Although physiological foaling is not a 
major stressor, maternal cortisol concen-
trations are augmented by the pathways 
that initiate foaling (Nagel et al., 2014). 
Increased cortisol release during the final 
four to five days of pregnancy was re-
ported in the equine foetus (Fowden & 
Silver, 1995); such increase has not been 
exhibited in the antepartum mare (Nagel 
et al., 2010). In mares, cortisol release 
into plasma is elevated both during the 
immediate postpartum period and, to a 
lesser degree, throughout pregnancy with 
even a decrease towards the end of gesta-
tion. Cortisol concentration changes are 
most likely part of a physiological cascade 
triggering maturation and preparation for 
parturition (Satué et al., 2011). In the cur-
rent research, the cortisol levels of the 
studied mares were significantly higher 
during foaling heat in comparison with 
other periods. It may be suggested that 
foaling heat is more stressful than other 
peripartum periods, even parturition.  

Late-term pregnancy seems to have 
various effects on thyroid hormone levels 
in mares, with studies showing either no 
change or a decline (Flisińska-Bojanow-
ska et al., 1991) in thyroid hormones in 
late pregnancy. In humans, on the other 
hand, thyroid hormone levels increase in 
late pregnancy as a result of estrogen-
induced increase in thyroid-binding globu-
lin and stimulation of the thyroid gland by 
thyroid-stimulating hormone-like activity 
of human chorionic gonadotropin (Emer-
son, 1991). Two studies involving Tho-
roughbreds showed that resting T4 levels 
were well below the normal range of val-
ues used by the respective laboratories of 
the investigators; both researches reported 
the unreliability of T4 measurement as an 
indication of thyroid function in the Tho-
roughbred (Blackmore et al., 1978; Bayly 
et al., 1996). T4 levels in the present 
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study significantly increased from pre- to 
post-partum periods, but T3 had increased 
and decreased values throughout the study 
period.   

Watson et al. (1993) showed that plas-
ma lipid metabolism was changed in pony 
mares in late gestation. Most significantly, 
the TG concentrations increased because 
VLDL concentrations were higher than 
the upper limit of the reference range. 
Stammers et al. (1989) reported TG levels 
in the uterine vein in excess of 1.0 
mmol/L in healthy pony mares sampled 
between 250 and 300 days of gestation. 
These data indicated that moderate hyper-
triglyceridaemia is prevalent in the late 
gestation of pony mares. In pregnant po-
nies, mean plasma cholesterol concentra-
tions increase mainly due to the rise in 
HDL-cholesterol. In contrast, the mode-
rate hypercholesterolaemia found in po-
nies with hyperlipaemia is ascribed to 
high VLDL-cholesterol concentrations 
because of the normal concentrations of 
HDL (Watson et al., 1992).  

These dynamic changes have impor-
tant roles as they reflect the metabolic 
origins of hyperlipaemia which might oc-
cur in late gestation. In the absence of 
cholesteryl ester transfer protein activity 
in horses (Watson et al., 1993), these 
changes are consistent with the large 
VLDL particles produced by the liver that 
accommodate a greater mass of TG (Wat-
son et al, 1992). In this way, the liver ap-
pears to maximise the secretion of TG in 
response to increased hepatic TG synthe-
sis. The appearance of free cholesterols in 
VLDL at the expense of cholesteryl esters 
reflects a decrease in the esterification of 
cholesterol. Based on the results of the 
present study, all components of serum 
lipid profiles were significantly reduced 
from pre- to post-partum period of 
Darehshori mares.    

The current study also showed that 
haematological parameters in Darehshori 
mares significantly changed during the 
peripartum period. Bazzano et al. (2014a) 
reported significant alterations in HCT, 
HGB, PLT, WBC, neutrophil, and lym-
phocyte levels within the pregnant, non-
lactating mares during their study. 
Throughout the experimental period, they 
further observed a progressive decrease in 
HCT which started from the 8th week be-
fore parturition. Bernstein et al. (2001) 
showed that plasma volume increased by 
30–50% in pregnancy in women. The re-
duction in HCT is always lower in preg-
nant women than in non-pregnant ones. 
The increase in plasma volume depends 
on the increased activity of the renin-
angiotensin-aldosterone system, which is a 
physiological condition of pregnancy in 
both women (Irani & Xia, 2008) and 
mares (Satué et al., 2011). This results in 
increased sodium reabsorption from the 
kidneys and water retention. The increase 
in blood volume together with the drop in 
blood viscosity indicate important adjust-
ments to keep up with the rise in blood 
flow to organs such as uterus and kidneys 
(Harm et al., 2012).  

The hypervolemia of pregnancy is also 
crucial to protect the mother and the foe-
tus from the harmful effects of reduced 
venous return and preventing the mother 
from suffering the adverse effects of blood 
loss during delivery (Mcmullin et al., 
2003). In the present study, HGB concen-
trations progressively decreased in preg-
nant mares, reaching the lowest values in 
the post-partum period. A similar HGB 
profile was observed in Brasileirode 
Hipismo and Breton mares (Orozco et al., 
2007) and in Standardbred mares 
(Mariella et al., 2014).  

The water needs of mares start increas-
ing in the last trimester of pregnancy due 
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to placental fluids and the foetus. A fur-
ther increase in water consumption occurs 
during lactation when mares require up to 
50–80% more water than that required for 
maintenance (Lewis, 1995). Another 
physiological cause of the decline in HGB 
is the reduced lifespan of circulating 
erythrocytes in pregnant females com-
pared to non-pregnant ones (Lurie, 1993). 
Weiss & Wardrop (2010) reported that 
the PLT count in the horses remained 
within the physiological range. However, 
the PLT peak recorded at foaling might 
reflect a hypercoagulable state which 
physiologically occurs in mares around 
parturition (Bazzano et al., 2014a). As 
previously observed in Standardbred 
(Mariella et al., 2014) and heavy draft 
mares (Aoki et al., 2013), Bazzano et al. 
(2014a) found a significant increase in 
WBC count around parturition. In addi-
tion, Harvey et al. (1994) revealed that the 
highest leukocyte count was seen after 
foaling. An adrenocorticoid-mediated 
leukocytosis was further detected in preg-
nant women, resulting in white cell count 
that is particularly noticeable during la-
bour and the puerperium (Tan & Tan, 
2013). The differential leukocyte counts 
underwent significant changes in periph-
eral blood neutrophil and lymphocyte 
percentage, which is in accordance with 
the studies by Aoki et al. (2013) on heavy 
draft mares. A progressive increase was 
found in neutrophil percentage, starting 
from the 4th week before foaling although 
the highest values were recorded at the 
time of delivery. Conversely, the lympho-
cyte percentage gradually decreased 
around parturition (Harvey et al., 1994). 
In the advanced stages of gestation, an 
endogenous adrenaline release occurred, 
increasing the mobilisation of neutrophils 
in the circulation and the total leukocyte 
count (Kramer, 2000). In the beginning of 

parturition, a significant rise was observed 
in the blood cortisol concentrations in 
pregnant mares (Nagel et al., 2012). The 
results of the current study showed that 
RBC, HCT, and HGB increased signifi-
cantly during the study, but PLT was re-
duced from pre- to post-partum period.  

Cortisol considerably influences the 
blood cells through reducing the number 
of lymphocytes and increasing the number 
of neutrophils and the total number of 
leukocytes (Kaneko et al., 1997). Addi-
tionally, during peripartum, the hormonal 
profile undergoes significant alterations as 
the mare quickly restores a normal cyclic-
ity and fertility following parturition 
(Cupps, 1991). Although ovarian hor-
mones such as estrogen and progesterone 
have been associated with a number of 
physiological changes in the female, stu-
dies regarding cycling mares (Roberto Da 
Costa et al., 2003) reported no noticeable 
changes in haematological parameters at 
either phase of the estrus cycle.  

CONCLUSION 

Based on the results of the present study, 
circulating endocrine, metabolic and hae-
matological indices in Darehshori mares 
changed from pre- to post-partum periods. 
Furthermore, different periods had differ-
ent dynamic changes which might have 
naturally occurred due to the physiologi-
cal alterations from pregnancy (non-lac-
tating) to non-pregnancy (lactating). On 
the other hand, the dynamic changes in 
circulating endocrine, metabolic, and hae-
matological indices might differ among 
different horse breeds; the values pre-
sented in this study may assist veterinari-
ans in accurately evaluating the endocri-
nologic, metabolic, and haematological 
conditions of Darehshori mares during the 
peripartum period. 



Circulating endocrine, metabolic, and haematologic indices during the peripartum period of ... 

BJVM, 25, No 1 120 

REFERENCES 

Aoki, T., H. Honda & M. Ishii, 2013. 
Immunologic profiles of peripheral blood 
leukocytes and serum immunoglobulin G 
concentrations in perinatal mares and 
neonatal foals (heavy draft horse). Journal 
of Equine Veterinary Science, 33, 
989995. 

Aoki, T. & M. Ishii, 2012. Hematological and 
biochemical profiles in peripartum mares 
and neonatal foals (heavy draft horse). 
Journal of Equine Veterinary Science, 32, 
170176. 

Arfuso, F., C. Giannetto, M. Rizzo, F. Fazio, 
E. Giudice & G. Piccione, 2016a. Serum 
levels of mitochondrial uncoupling protein 
1, leptin, and lipids during late pregnancy 
and the early postpartum period in mares. 
Theriogenology, 86, 11561164.  

Arfuso, F., M. Quartuccio, M. Bazzano, F. 
Fazio & G. Piccione, 2016b. Erythrocyte 
osmotic fragility and select hematologic 
variables in post-parturient mares and their 
foals. Veterinary Clinical Pathology, 45, 
260270.  

Bayly, W., R. Andrea, B. Smith, J. Stenslie & 
G. Bergsma, 1996. Thyroid hormone con-
centrations in racing thoroughbreds. 
Pferdeheilkunde, 4, 534538. 

Bazzano, M., C. Giannetto, F. Fazio, M. 
Rizzo, E. Giudice & G. Piccione, 2014a. 
Physiological adjustments of haematologi-
cal profile during the last trimester of 
pregnancy and the early post-partum pe-
riod in mares. Animal Reproduction 
Science, 149, 199203.  

Bazzano, M., C, Giannetto, F, Fazio, F, 
Arfuso, E, Giudice & G. Piccione, 2014b. 
Metabolic profile of broodmares during 
late pregnancy and early post-partum. 
Reproduction in Domestic Animals, 49, 
947953. 

Bazzano, M., F. Arfuso, E. Giudice, S. Di 
Pietro & G. Piccione, 2015. Platelet ag-
gregation percentage increased in healthy 
broodmares during the peri-partum. Jour-

nal of Equine Veterinary Science, 35, 
573576. 

Bernstein, I. M., W. Ziegler & G. J. Badger, 
2001. Plasma volume expansion in early 
pregnancy. Obstetrics & Gynecology, 97, 
669672. 

Blackmore, D. J., R. E. S. Greenwood & C. 
Johnson, 1978. Observations on thyroid 
hormones in the blood of thoroughbreds. 
Research in Veterinary Science, 25, 
294297. 

Burtis, C. A. & E. R. Ashwood, 1994. Tietz 
Textbook of Clinical Chemistry, 2nd edn, 
W. B. Saunders Co., Philadelphia, pp. 
735888. 

Cupps, P. T., 1991. Reproduction in Domestic 
Animals, 4th edn, Academic Press, San 
Diego. 

Emerson, C. H., 1991. Thyroid disease during 
and after pregnancy. In: The Thyroid, 6th 
edn, eds L. E. Braverman & R. D. Utiger, 
Philadelphia, Lippincott, pp. 12631279. 

Flisińska-Bojanowska, A., M. Komosa & J. 
Gill, 1991. Influence of pregnancy on di-
urnal and seasonal changes in glucose 
level and activity of FDPA, AlAT and As-
pAT in mares. Comparative Biochemistry 
and Physiology A-Molecular & Integrative 
Physiology, 98, 3135. 

Friedewald, W. T., R. I. Levy & D. S. 
Fredrickson, 1972. Estimation of the con-
centration of low density lipoprotein cho-
lesterol without the use of the preparative 
ultracentrifuge. Clinical Chemistry, 18, 
499502. 

Fowden, A. L. & M. Silver, 1995. Compara-
tive development of the pituitary-adrenal 
axis in the fetal foal and lamb. Reproduc-
tion in Domestic Animals, 30, 170177. 

Haluska, G. J. & W. B. Currie, 1988. Varia-
tion in plasma concentrations of oestra-
diol-17 beta and their relationship to those 
of progesterone, 13,14-dihydro-15-keto-
prostaglandin F-2 alpha and oxytocin 
across pregnancy and at parturition in 
pony mares. Journal of Reproduction and 
Fertility, 84, 635646. 



A. Chalmeh, M. Pourjafar, Kh. Badiei, M. Mazrouei Sebdani, N. Hatami Nasar & S. M. M. Heidari  

BJVM, 25, No 1 121 

Harm, S. K., M. H. Yazer & J. H. Waters, 
2012. Changes in haematologic indices in 
caucasian and non-caucasian pregnant 
women in the United States. Korean Jour-
nal of Hematology, 47, 136141. 

Harvey, J. W., R. L. Asquith, M. G. Pate, J. 
Kivipelto, C. L. Chen & E. A. Ott, 1994. 
Haematological findings in pregnant, post-
parturient and nursing mares. Comparative 
Haematology International, 4, 2529. 

Holtan, D. W., T. M. Nett & V. L. Estergreen, 
1975. Plasma progestins in pregnant, post-
partum and cycling mares. Animal Science 
Journal, 40, 251260. 

Irani, R. A. & Y. Xia, 2008. The functional 
role of the renin-angiotensin system in 
pregnancy and preeclampsia. Placenta, 29, 
763771. 

Jischa, S., I. Walter, N. Nowotny, F. Palm, S. 
Budik, J. Kolodziejek & C. Aurich, 2008. 
Uterine involution and endometrial func-
tion in postpartum pony mares. American 
Journal of Veterinary Research, 69, 
15251534. 

Kaneko, J. J., J. W. Harvey & M. L. Bruss, 
1997. Clinical Biochemistry of Domestic 
Animals, 5th edn, Academic Press, San 
Diego. 

Kramer, J. W., 2000. Normal hematology of 
the horse. In: Schalm’s Veterinary Hema-
tology, 5th edn, eds B. F. Feldman, J. G. 
Zinkl & N. C. Jain, Williams & Wilkins, 
Philadelphia, pp. 10691074. 

Krakowski, L., P. Bartoszek, I. Krakowska, P. 
Olcha, T. Piech, A. Stachurska & P. 
Brodzki, 2017. Serum amyloid A protein 
(SAA), haptoglobin (Hp) and selected he-
matological and biochemical parameters in 
wild mares before and after parturition. 
Polish Journal of Veterinary Sciences, 20, 
299305.  

Lewis, L. D., 1995. Equine Clinical Nutrition: 
Feeding and Care. Williams & Wilkins, 
Philadelphia. 

Lurie, S., 1993. Changes in age distribution of 
erythrocytes during pregnancy: a longitu-

dinal study. Gynecologic & Obstetric 
Investigation, 36, 141144. 

Mariella, J., A. Pirrone, F. Gentilini & C. 
Castagnetti, 2014. Hematological and bio-
chemical profiles in Standardbred mares 
during peri-partum. Theriogenology, 81, 
526534. 

Mcmullin, M. F., R. White, T. Lappin, J. 
Reeves & G. Mackenzie, 2003. Haemo-
globin during pregnancy: Relationship to 
erythropoietin and haematinic stats. Euro-
pean Journal of Haematology, 71, 4450. 

Mcgowan, M. W., J. D. Artiss, D. R. 
Strandbergh & B. Zak, 1983. A peroxidase 
coupled method for the colorimetric de-
termination of serum triglycerides. Clini-
cal Chemistry, 29, 538542. 

Moffett, A. & Y. W. Loke, 2004. The immu-
nological paradox of pregnancy: A reap-
praisal. Placenta, 25, 18. 

Nagel, C., J. Aurich & C. Aurich, 2010. De-
termination of heart rate and heart rate 
variability in the equine fetus by fetoma-
ternal electrocardiography. 
Theriogenology, 73, 973983.  

Nagel, C., R. Erber, C. Bergmaier, M. Wulf, J. 
Aurich, E. Möstl & C. Aurich, 2012. Cor-
tisol and progestin release, heart rate and 
heart rate variability in the pregnant and 
postpartum mare, fetus and newborn foal. 
Theriogenology, 78, 759767. 

Nagel, C., R. Erber, N. Ille, M. Von Lewinski, 
J. Aurich, E. Möstl & C. Aurich, 2014. 
Parturition in horses is dominated by para-
sympathetic activity of the autonomous 
nervous system. Theriogenology, 82, 
160168.  

Orozco, C. A., C. Martins, F. H. D’angelis, J. 
V. De Oliveira & J. De Lacerda-Neto, 
2007. Hematological values and total 
protein of Brasileiro de Hipismo and 
Breton mares during pregnancy. Ciencia 
Rural, 37, 16951700. 

Padgett, D. A. & R. Glaser, 2003. How stress 
influences the immune response. Trends in 
Immunology, 24, 444448. 



Circulating endocrine, metabolic, and haematologic indices during the peripartum period of ... 

BJVM, 25, No 1 122 

Piccione, G., F. Arfuso, F. Abbate, C. 
Giannetto, M. Panzera, M. Rizzo & F. 
Fazio, 2017. Adrenocorticotrophic hor-
mone and cortisol levels during late preg-
nancy and post-foaling period in mares. 
Animal Science Papers and Reports, 35, 
173180. 

Roberto Da Costa, R. P., H. Carvalho, R. 
Agricola, J. Alpoim-Moreira, C. Mar-Tins 
& G. Ferreira-Dias, 2003. Peripheral blood 
neutrophils function and lymphocyte sub-
populations in cycling mares. Reproduc-
tion in Domestic Animals, 38, 464469. 

Satué, K. & R. Domingo, 2008. Microhema-
tocrit values, total proteins and electrolytes 
concentrations in Spanish purebred mares 
during pregnancy. In: Proceedings of 10th 
Annual Congress of the European Society 
of Veterinary Clinical Pathology (ESVCP) 
and the 8th Biennial Congress of the Inter-
national Society for Animal Clinical Pa-
thology (ISACP), European Society of 
Veterinary Clinical Pathology, 30 Sep-
tember  3 October, Barcelona, Spain, pp. 
163146. 

Satué, K., R. Domingo & J. I. Redondo, 2011. 
Relationship between progesterone, oes-
trone sulphate and cortisol and the compo-
nents of renin angiotensin aldosterone sys-
tem in Spanish purebred broodmares dur-
ing pregnancy. Theriogenology, 76, 
14041415.  

Satué, K., A. Hernández & A. Muñoz, 2012. 
Physiological factors in the interpretation 
of equine hematological profile. In: Hema-
tology Science and Practice, ed C. Lawrie, 
InTech, Rijeka, Croatia, pp. 573596. 

Stammers, J. P., M. Silver & A. L. Fowden, 
1989. Effects of nutrition on uterine and 
umbilical venous plasma lipids in chroni-
cally catheterised mares in late gestation. 
Equine Veterinary Journal, 5, 3740. 

Tan, E. K. & E. L. Tan, 2013. Alterations in 
physiology and anatomy during pregnancy. 
Best Practice & Research. Clinical Obstet-
rics & Gynaecology, 27, 791802. 

Watson T. D. G., L. Burns, S. Love, C. J. 
Packard & J. Shepherd, 1992. Plasma lip-
ids, lipoproteins and post-heparin lipases 
in ponies with hyperlipaemia. Equine Vet-
erinary Journal, 24, 341346. 

Watson, T. D., L. Burns, C. J. Packard & J. 
Shepherd, 1993. Effects of pregnancy and 
lactation on plasma lipid and lipoprotein 
concentrations, lipoprotein composition 
and post-heparin lipase activities in Shet-
land pony mares. Journal of Reproduction 
& Fertility, 97, 563568. 

Weiss, D. J. & K. J. Wardrop, 2010. Shalm’s 
Veterinary Hematology, 6th edn, Wiley-
Blackwell, Amsterdam. 

 

 

 

 

 

Paper received 29.02.2020; accepted for 
publication 21.05.2020 

 

 

 

Correspondence:  
 
Aliasghar Chalmeh,  
Department of Clinical Sciences,  
School of Veterinary Medicine,  
Shiraz University, P.O box: 71345, 
Shiraz, Iran,  
tel: +98 711 6138700;  
fax: +98 711 2286940;  
e-mail: achalmeh81@gmail.com 

 
 

 


	MATERIALS AND METHODS

