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INTRODUCTION

Pregnancy is a dynamic physiological 
condition that alters metabolism of all maternal 
nutrients (BAZZANO et al., 2014). Transition period 

is the interval between parturition and early lactation 
(MANSO FILHO et al., 2008). As the fetus develops, 
biochemical parameters change to mark different 
gestational phases (NASEEMA et al., 2017). Ideal 
conditions are essential to ensure intrauterine 
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ABSTRACT: Adaptive changes in metabolism may occur under specific physiological conditions, being necessary the knowledge of the 
biochemical constituents that can undergo variations during the sixty days before foaling, until the first sixty days of lactation. The present 
study aimed to identify and evaluate the biochemical profile of Mangalarga Marchador mares during the last third of pregnancy, foaling and 
lactation. For this, 48 mares were used, which formed a maintenance group (MG), composed of non-pregnant mares and an experimental 
group, called the transition group (TG), formed by pregnant mares. Blood samples were collected at the following times: MG was evaluated 
in a single time (beginning of all collections); TG was evaluated in seven times [T-60, T-30, T-15 (days before foaling), T0 (first six hours after 
foaling), T15, T30, T60 (days after foaling)]. All animals were submitted to biochemical analysis, in which the concentrations of total calcium, 
chloride, phosphorus, magnesium, sodium, potassium, uric acid, creatinine, and urea were measured. The two groups differed significantly 
(P<0.05) in calcium, magnesium, sodium, potassium, creatinine, uric acid and urea concentration. Variation between times was also observed 
for these compounds. However, chloride and phosphorus did not differ between MG and TG. It was concluded that the last third of pregnancy, 
foaling and lactation exerts major influence on the biochemical constituents of blood through adjustments to maintain homeostasis in mares.
Key words: delivery, equine, metabolic parameters, peripartum.

RESUMO: Mudanças adaptativas no metabolismo podem ocorrer em condições fisiológicas específicas, sendo necessário o conhecimento 
dos constituintes bioquímicos que possam sofrer variações durante os sessenta dias antes do parto, até os primeiros sessenta dias de lactação. 
O presente estudo teve como objetivo identificar e avaliar o perfil bioquímico de éguas Mangalarga Marchador no terço final da gestação, 
parto e lactação. Para isso, foram utilizadas 48 éguas, que formaram um grupo em manutenção (GM), composto por éguas não prenhes e um 
grupo experimental, chamado de grupo de transição (GT), formado por éguas gestantes. As coletas de sangue foram realizadas nos seguintes 
tempos: GM foi avaliada em um único tempo (início de todas as coletas); GT foi avaliado em sete tempos [T-60, T-30, T-15 (dias antes do 
parto), T0 (primeiras seis horas após o parto), T15, T30, T60 (dias após o parto)]. Todos animais foram submetidos as análises bioquímicas, 
em que foram mensuradas as concentrações de cálcio total, sódio, potássio, cloreto, fósforo, magnésio, ácido úrico, creatinina e ureia. Os dois 
grupos diferiram significativamente (P<0,05) nas concentrações de cálcio total, magnésio, sódio, potássio, creatinina, ácido úrico e ureia. 
Variações entre tempos também foram observadas nesses componentes. Entretanto, cloreto e fósforo não diferiram entre GM e GT. Conclui-se 
que o terço final da gestação, parto e lactação exerce forte influência sobre os constituintes bioquímicos do sangue por meio de ajustes para 
manter a homeostase nas éguas.
Palavras-chave: equinos, parâmetros metabólicos, parto, periparto.
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development and the fetus survival. In mares, there 
is a reduction in food intake at the end of pregnancy, 
due to fetal size compressing the abdominal internal 
space. This phase occurs to higher fetal metabolic 
demand. Post foaling energetic demands continue 
with milk production to meet foal nutritional needs, 
while mares also require energy to recover in the 
postpartum period (HURA et al., 2017).

In this period, alters mare’s biochemical 
profile (FAZIO et al., 2016), with adjustments 
occurring during gestation and lactation, even as 
homeostatic mechanisms ensure that individual 
components remain constant (HARVEY et al., 
2005). In the last trimester, there is an increase in 
the nutritional demand of pregnant mare, which can 
lead to a greater susceptibility to disease development 
(BAZZANO et al., 2014), due to mineral imbalances 
such as hypocalcemia (FILIPOVIC et al., 2010) and 
metabolic syndromes (JOHNSON et al., 2009).

Serum parameters differ across reproductive 
stages, with some of these changes potentially resulting 
in pathological conditions. For instance, potassium and 
creatinine concentrations are lower during lactation 
than during pregnancy (HARVEY et al., 2005). 
Several studies have described the major biochemical 
characteristics of transition period mares across 
different breeds (MARIELLA et al., 2014; VINCZE 
et al., 2015; HURA et al., 2017). To understand how 
different physiological conditions in the last third of 
pregnancy, foaling and lactation affect mares, the aim 
of the research was to evaluate the biochemical profile 
of Mangalarga Marchador mares during the last third 
of pregnancy, foaling and lactation.

MATERIALS   AND   METHODS

Forty-eight Mangalarga Marchador 
mares were divided into a maintenance group (MG) 
consisting of non-pregnant and non-lactating mares 
(n=22) at baseline, and a transition group (TG) 
(n=26) composed of mares pregnant at the end of the 
third (sixty days before foaling). Mares were healthy, 
5-15 year-olds, selected from a herd of 180 animals in 
Brazil. Transition group mares were selected, so that 
their probable foaling dates were concentrated within 
the 30th day period of the highest foaling frequency. 

Mares were kept in pasture (approximately 
300 m²) with ad libitum access to Tifton (Cynodon 
spp.) grass, water, and commercial mineralized 
salt (Coequi Plus, Tortuga). Animals were kept in 
maternity paddocks from two weeks before until 
two weeks postpartum, without change in diet. 
Post-partum mares were then transferred to a Tifton 

pasture containing only other females under the 
same conditions. 

Blood samples were always harvested 
between 8:00am and 11:00am. Samples from 
MG mares were collected in a single time (in the 
beginning of all blood collections), while TG mares 
were evaluated at seven different times: T-60, T-30, 
T-15 (days before foaling), T0 (6 hours after foaling), 
T15, T30, T60 (days after foaling).

Blood was collected from the mares without 
prior fasting. After antisepsis, blood was drawn from 
the jugular vein using disposable needles and vials 
to vacuum siliconized without anticoagulant, 10 ml 
(Labor Import, Osasco, SP, Brazil). These vials were 
kept at approximately 27 ºC until clot retraction, and 
then centrifuged for 5 min at 1500 × g (Centrifuge 
Excelsa 2206, Fanem, Guarulhos, SP, Brazil). The 
resultant supernatant was aliquoted into microtubes 
and immediately frozen at -20 ºC. With the exception 
of sodium and potassium quantification (through 
flame photometry), all analyses were performed in 
a Humastar 300 automatic device (Human, In Vitro 
Diagnóstica Ltda, Itabira, MG). 

The colorimetric method was used to 
measure total calcium (O-cresolphthalein-complex 
CFC), magnesium (Xilidila Blue), chloride (mercury 
trocyanate), and phosphorus (ammonium molybdate). 
Sodium, potassium (Chama, Model B462, MicroNal), 
urea (GLDH method), creatinine (colorimetric 
kinetic method) and uric acid (UOD-PAP enzymatic 
colorimetric method) analysis were also examined.

For data analysis, the Statistical Analysis 
System was used. Data were evaluated by the 
Kolmogorov-Smirnov and Bartlett tests to verify the 
normality of errors and homogeneity of variances, 
respectively. The data of pregnant mares were 
analyzed in linear mixed models with repeated 
measures in time using PROC MIXED (SAS, 2002), 
with autoregressive covariance structure and animal 
as a random effect (LITTELL et al., 2006), according 
to the mathematical model: 

Yijk = µ +βi + Yj+ eijk
Where,  Yijk  = response; µ  = constant;  βi  = fixed effect 
(time);  Yj  = random effect (animal);  eijk  = error. The 
least square means were compared by Tukey-Kramer 
test. Additionally, the mean of times was compared 
to maintenance group by Dunnett’s test. Significant 
level adopted was α = 0.05.
 
RESULTS

During the experiment, the minimum and 
maximum average temperatures were 17.4 ºC and 28.6 
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ºC, respectively, while average relative humidity was 
49%. Mares remained healthy throughout pregnancy, 
deliveries were eutocic, occurring at night without 
human assistance. The mares of this study showed no 
agalactia in the physical examination performed by a 
veterinarian. All foals were breastfed in the first hours 
after foaling. Total calcium concentration was lowest 
in MG mares (2.79 ± 0.53), differing from that in the 
TG mares at T60 (P<0.05). In TG mares, calcium 
concentration was significantly (P<0.05) higher at 
T60 (3.15 ± 0.31) than at T15 (2.73 ± 0.36).

Chloride levels did not differ significantly 
between the mare groups (P>0.05). However, 
TG mares had higher (P<0.05) mean chloride 
concentration at T-15 (101.85 ± 7.55) than   at T0 
(90.65 ± 28.85). Magnesium concentration was 
higher (P<0.05) in MG (1.96 ± 0.64) than in TG 
mares at T-15 (1.45 ± 0.32), T0 (1.30 ± 0.37), T15 
(1.26 ± 0.54), and T30 (1.34 ± 0.50). These temporal 
differences within TG mares were significant 
(P<0.05). Phosphorus values was similar across the 
two groups (P>0.05), but differed temporally within 
TG mares; specifically, T-30 concentrations were 
distinct (P<0.05) from those at T-60, T-15, T0, T15, 
and T60 (Table 1). 

Sodium concentration in MG mares 
(154.60 ± 10.87) differed significantly (P<0.05) from 
concentrations in TG mares at T0 (170.07 ± 10.38) 
and T60 (131.68 ± 19.60). Temporal difference 
among TG mares was significant (P<0.05). Except 

at T15 and T60, both groups exhibited sodium levels 
above the reference range for horses.

Potassium differed (P<0.05) between the 
two groups at three times (T-15, T0, and T60). Within 
TG mares, was observed a significant difference in 
potassium levels over time (P<0.05). Mares at T60 
possessed less potassium than at other time points. 
Mares at T15 also differed in potassium levels from 
mares at T-15 and T0. Overall, mean potassium values 
progressively decreased in lactating mares.

Uric acid concentration differed (P<0.05) 
between MG (P<0.05) and TG mares at T-30. Among 
TG mares, mean uric acid levels were higher at T-30 
(1.00 ± 0.15) than at T30 (0.65 ± 0.09; P<0.05). 
Creatinine concentration was also significantly higher 
(P<0.05) in MG than in TG mares at three times (T-
30, T-15, and T0). Temporal differences within TG 
mares were significant (P<0.05). Mean creatinine 
levels increased during gestation and parturition, but 
then decreased during lactation (Table 1).

At T-60 and T-30, urea concentration was 
higher (P<0.05) in MG mares than in TG mares. 
However, the observed concentration was well within 
the standard for this breed.  It was observed a clear 
difference in urea over time among TG mares (Table 1). 
 
DISCUSSION

The research demonstrated that most 
blood biomarkers changed significantly during the 

 

Table 1 - Mean values and standard deviations of the concentrations of macro-minerals: total calcium  (Ca, mmol/L), chloride (Cl, 
mmol/L), magnesium (Mg, mmol/L), phosphorus (P, mmol/L), sodium (Na, mmol/L) and potassium (K, mmol/L); and 
nitrogen compounds: uric acid (UA, mg/dL), creatinine (Cr, mg/dL) and urea (U, mmol/L) in mares of transition group (TG) 
and mares of maintenance group (MG). 

 

Blood 
Parameters ----------------------------------------------------Times – Transition Group---------------------------------------------- Maintenance 

group 

 ------------------Pregnancy-------------------- -----------Delivery----------- --------------Lactation------------  
 T-60 T-30 T-15 T0 T15 T30 T60 MG 
Ca 3.0±0.6ab 3.0±0.4ab 3.0±0.1ab 3.0±0.3ab 2.7±0.3b 2.9±0.3ab 3.1±0.3a* 2.7±0.5 
Cl 98.6±2.6ab 98.9±3.0ab 101.8±7.5a 90.6±28.8b 97.2±3.6ab 99.0±3.4ab 98.6±3.4ab 95.1±3.3 
Mg 1.6±0.2bc 2.0±0.8a 1.4±0.3bcd* 1.3±0.3cd* 1.2±0.5d* 1.3±0.5bcd* 1.7±0.4ab 1.9±0.6 
P 1.4±0.2a 1.0±0.1b 1.4±0.3a 1.3±0.3a 1.2±0.1a 1.2±0.2ab 1.4±0.3a 1.2±0.3 
Na 164.9±9.3ab 157.5±16.7abc 160.8±6.9ab 170.0±10.3a* 147.9±16.5c 153.8±19.1bc 131.6±19.6d* 154.6±10.8 
K 5.5±0.5ab 5.4±0.9ab 6.1±0.8a* 6.0±0.4a* 4.9±1.4b 4.8±0.7bc 4.1±0.5c* 5.0±0.6 
UA 0.8±0.1abc 1.0±0.1a* 0.8±0.0ab 0.9±0.2a 0.7±0.1bc 0.6±0.0c 0.8±0.1abc 0.7±0.1 
Cr 1.2±0.2b 1.4±0.2a* 1.4±0.2a* 1.4±0.2a* 1.1±0.1bc 1.0±0.1c 0.9±0.1c 1.1±0.1 
U 4.9±0.9c* 5.2±1.1bc* 5.9±1.1ab 5.9±1.3ab 5.9±1.2abc 6.3±1.2a 6.4±1.1a 6.5±1.4 

 
Means followed by lower case letters on the same line differ (P<0.05) by the Tukey test. Means followed by an asterisk (*) on the same 
row differ (P<0.05) in the group maintenance by Dunnet's test. 
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last third of pregnancy, foaling and lactation, including 
macrominerals (calcium, chloride, magnesium, sodium, 
phosphorus and potassium), urea, creatinine, and uric 
acid (Table 1). Female reproductive stage influences 
mineral concentration, affecting both fertility and 
gestation success (ALI et al., 2013). Therefore, it is 
required a better understanding of female biochemical 
profiles across different physiological states and 
species (BERLIN & AROCH, 2009).

The observed variation in macrominerals 
corroborated the results from other studies 
(BAZZANO et al., 2016; HURA et al., 2017). Indeed, 
calcium, chloride, phosphorus, magnesium, sodium, 
and potassium are all components of important 
regulatory molecules (HURA et al., 2017). Mineral 
deposition in the fetus occurs during the last two 
months of pregnancy, suggesting increasing intensity 
in fetal development (KAVAZIS et al., 2002). 
Additionally, major changes in serum electrolyte 
concentration occur during the two weeks prior to 
foaling and the first two weeks of lactation (Table 1) 
(BAZZANO et al., 2016).

Calcium is a necessary nutrient for fetal 
skeleton development. Its homeostasis in pregnant 
mares is regulated through transport from mare to 
fetus via the placenta, possibly under the control of 
an intrinsic fetal mechanism (CARE, 1997). In the 
last gestational trimester, fetus size increases along 
with anabolic activity (VINCZE et al., 2015). In this 
study, mean values   of total calcium values remained 
within the reference range proposed for the species. 
It was observed the highest calcium concentrations 
in TG mares during pregnancy, foaling, and 60 
days postpartum. The calcium is necessary for bone 
mineralization and maintaining normal physiological 
processes. Newborn foals require a higher amount of 
calcium and they can obtain it through breast milk in 
the first 6 months. A previous study on Mangalarga 
Marchador mares demonstrated that milk production 
increases until the second month of lactation before 
decreasing (SANTOS et al., 2005). This pattern 
suggested that nutritional demand is higher in the first 
30 days of lactation. Likewise, it was observed the 
lowest calcium values    at T15 and T30 (Table 1). 

During the third final phase of pregnancy, 
mean calcium levels decrease compared to levels in 
non-pregnant and lactating mares (7 days postpartum) 
(BERLIN & AROCH, 2009). Another study also 
described that calcium concentration is lower on the day 
of foaling than during non-pregnancy (MARIELLA et 
al., 2014). However, comparisons between studies are 
difficult, given the variations in laboratory methods, 
environment, nutrition and management. 

Chloride concentration remained within 
the reference range for horses (KANEKO et al., 2008), 
despite a temporal difference between T-15 and T0 
in TG mares (Table 1). It was observed an increase 
in chloride at the end of gestation, corroborating the 
findings of previous research (NAGEL et al., 2016; 
NASEEMA et al., 2017). Chloride functions to 
regulate osmotic pressure, hydroelectrolyte balance, 
and acid-base homeostasis (GONZÁLES & SILVA, 
2006). Pre-delivery dehydration at around 20 days 
appears to elevate chloride concentration (NASEEMA 
et al., 2017). In the present study, chloride did not 
differ between groups, but its levels were the lowest 
at calving and early lactation (Table 1). These findings 
may be related to chloride excretion when lactating.

While all magnesium levels were higher 
than the reference value for horses (0.9–1.15 
mmol/L) (KANEKO et al., 2008), it was observed 
low concentrations around foaling (T15 and T30). 
These patterns are in contrast to previous studies 
showing either unchanged magnesium levels 
(HURA et al., 2017), or a foaling and postpartum 
increase (MARIELLA et al., 2014). Magnesium 
present in bones is involved in muscle contraction 
(MARIELLA et al., 2014) and neuromuscular activity 
(GONZÁLES & SILVA, 2006). However, due to the 
extensive breeding system to which the animals were 
kept, it was not possible to measure the food intake 
of magnesium in this study. Thus, it was not possible 
to determine whether the magnesium concentrations 
observed were related to animal feed.

Phosphorus concentration did not differ 
significantly between groups, remaining within 
the recommended reference range (KANEKO et 
al., 2008). However, TG mares did experience 
some temporal variation in phosphorus, with lower 
concentrations at 30 days before foaling. Together 
with calcium, phosphorus comprises approximately 
70% of body mineral content and 50% of milk mineral 
content (BAZZANO et al., 2016), also like calcium, 
phosphorus is important in energy metabolism and 
bone structure. Phosphorus concentration in mares 
appeared to decrease between foaling and the first 
30 days of lactation; although, the change was 
not significant. This observation is likely related 
to deviations in typical milk-phosphorus levels 
during lactation, given that colostrum production 
requires large amounts of phosphorus (MENEZES & 
RIBEIRO FILHO, 2011).

Serum sodium in MG and TG mares was 
above the equine reference value (KANEKO et al., 
2008) at all times except T15 and T60. Previous 
research showed that sodium concentrations are 
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typically the highest during the last third of pregnancy 
and foaling (HARVEY et al., 2005; MARIELLA et 
al., 2014; BAZZANO et al., 2016; NAGEL et al., 
2016), while a separate study reported higher sodium 
concentration in mares before foaling, possibly due 
to dehydration (NASEEMA et al., 2017). During 
pregnancy, hormonal changes tend to trigger a drop 
in blood pressure; therefore, sodium and water 
retention occurs to maintain blood pressure at normal 
levels (CARLIN & ALFIREVIC, 2008). The renin-
angiotensin-aldosterone system is responsible for 
this process, regulating sodium excretion and blood-
pressure fluctuation across the placental barrier 
(BAZZANO et al., 2016). Nevertheless, because 
it was reported high sodium concentrations in both 
TG and MG mares, transition-related physiological 
changes are likely not the sole cause of change. High 
sodium levels may be an intrinsic characteristic of the 
subject animals.

Potassium and sodium patterns were 
similar, with the former being above equine 
reference values at all times points except T60 
(Table 1). Reduced potassium during lactation 
may be due to elevated activity from the renin-
angiotensin-aldosterone system (NAGEL et al., 
2016). Higher sodium and chloride retention during 
pregnancy could also influence potassium levels. 
Lower potassium during lactation is in line with 
previous research (HARVEY et al., 2005). Overall, 
the observed patterns suggested a migration of 
potassium from mare serum to milk. 

Very few studies have examined blood 
uric acid levels in horses and other species during 
the transition period. Uric acid is an antioxidant 
that protects against lipid, protein, and carbohydrate 
peroxidation (KIRSCHVINK et al., 2008). Increased 
oxygen demand during pregnancy typically increases 
oxidative stress (GÓRECKA et al., 2002). In the 
present study, it was reported uric acid concentration 
showed between-group and time differences. 
Specifically, uric acid was higher around foaling 
and then progressively declined in the first 30 days 
of lactation (Table 1). Previous research reported 
that 6-month-old pregnant mares did not differ 
significantly from lactating mares, either 2 weeks 
before or 4 weeks after foaling (GÓRECKA et 
al., 2002). Uric acid concentration may increase 
around foaling as a mechanism of protection against 
gestation-related oxidative stress.

Produced from creatine phosphate, 
creatinine is involved in muscle metabolism and is 
eliminated from circulation through urine. High blood 
creatinine may indicate renal malfunction (HURA et 

al., 2017) or other pathologies, it happens because the 
substance is typically present at low concentrations 
owing to effective renal filtration. It was observed 
high creatinine levels during pregnancy and foaling, 
followed by a progressive reduction during lactation 
(Table 1). Creatinine comportment are in line with 
the patterns observed from comparisons of Lipzzan 
mare creatinine profiles during the final third phase of 
gestation and during lactation (HARVEY et al., 2005; 
HURA et al., 2017). 

As the creatinine level decreases in the 
absence of a fetus (Table 1) (MARIELLA et al., 
2014; HURA et al., 2017), observed creatinine 
elevation in TG at T-30, T-15, and T0 is probably 
produced by maternal-fetal metabolism. A reduction 
in creatinine and urea concentrations can occur when 
the increased catabolism during lactation causes 
decreased muscle mass (HARVEY et al., 2005). The 
results (Table 1) support this hypothesis. In general, 
urea and creatinine can drop by up to 40% during 
pregnancy (TALBOT & MACLENNAN, 2016). 
Other studies similarly reported that MG mares had 
higher mean urea concentration than TG mares, 
but values   remained within the reference for horses 
(BAZZANO et al., 2014; MARIELLA et al., 2014; 
VINCZE et al., 2015). The tendency to reduce urea 
concentrations throughout gestation likely happens 
because heightened fetal metabolism and protein 
consumption leads to elevated protein anabolism. 

CONCLUSION

The last third of pregnancy, foaling and 
lactation exerts major influence on the biochemical 
constituents of blood through adjustments to maintain 
homeostasis. Notably, mares in this study express 
increases in sodium, potassium, and magnesium 
concentrations. This research suggested that health 
transition mares can be objectively analyzed through 
measuring and interpreting blood biomarkers.
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