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ABSTRACT.- Peternelli Silva L., Lourenço M.L.G., Paula R.A., Verdugo M.R., Pereira K.H.N.P.
& Chiacchio S.B. 2018. Assessment of serum lactate levels, blood glucose values and
blood gas values in sheep, newborn lambs and placenta. Pesquisa Veterinária Brasileira
38(9):1878-1884. Faculdade de Medicina Veterinária e Zootecnia, Universidade Estadual Paulista,
Departamento de Clínica Veterinária, Rua Prof. Dr. Walter Mauricio Correa s/n, Distrito de
Rubião Júnior, Botucatu, SP 18618-681 Brazil. E-mail: mege@fmvz.unesp.br
Newborn animals, in the fetal-to-neonatal transition, usually face several challenges in
their first 24 hours, including issues with acid-base balance, glycemic levels and oxygenation.
Difficulties to overcome such issues have caused several deaths among newborns. Therefore,
studies have been carried out in order to evaluate them. The main purpose of this study is
to evaluate the correlation between the serum lactate level in the mother, in the placenta
and in the newborn. Moreover, the study measured the lactate level, blood glucose level
and blood gas level in the first 24 hours. Tests were carried out right after birth, and at
4, 8, 12 and 24 hours after. Lactate levels were quite similar to the placental levels (p=0.991)
which, in turn, were significantly different from the mother’s (p=0.011). Results showed
that, shortly after birth, the production of lactate in the placenta is part of the issue. Along
the first 24 hours, the study observed a reduction of the levels of lactate in newborns; the
levels were closer to the normal index levels for the species. Regarding the blood gas test
results, we observed mild metabolic acidosis at birth; acid-base balance was completely
stable at the end of the period.
INDEX TERMS: Serum lactate, blood glucose, blood gas, sheep, newborn, lambs, placenta, ewes, lactate,
physiology.

RESUMO.- [Avaliação da concentração de lactato sérico,
glicemia e hemogasometria de ovelhas, cordeiros
recém‑nascidos e placenta.] Os principais desafios da
transição fetal-neonatal são a estabilização do equilíbrio
ácido-básico, glicemia e oxigenação ao longo das primeiras
24 horas de vida. Falhas nesse sistema são a maior causa de
morte nesse período e os estudos de viabilidade neonatal tem
se concentrado nas avaliações destas variáveis. O objetivo do
presente estudo foi avaliar a comparação da lactatemia materna,
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placentária e neonatal ao nascimento e, ainda, observar o
comportamento do lactato, glicemia e hemogasometria nas
primeiras 24 horas de vida do neonato ovino. Para tanto, as
avaliações foram realizadas ao nascimento, 4, 8, 12 e 24 horas
após. A lactatemia neonatal se mostrou próxima à placentária
(p=0,991) e significativamente diferente da materna (p=0,011),
o que sugere uma influência da produção de lactato pela
placenta na lactatemia neonatal ao nascimento. Ao longo das
24 horas de vida foi possível observar a depuração de lactato
pelo organismo do neonato, aproximando assim dos valores
de referência para a espécie. Na hemogasometria foi possível
observar discreta acidose metabólica, com normalização já
nas primeiras 4 horas e estabilização completa do equilíbrio
ácido-básico ao final das 24 horas de vida.
TERMOS DE INDEXAÇÃO: Lactato sérico, glicemia, hemogasometria,
ovelhas, cordeiros, recém-nascido, placenta, ovinos, lactato, fisiologia.
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INTRODUCTION

MATERIALS AND METHODS

Adaptation to life outside the womb, also known as
fetal‑to‑neonatal transition, is a complex biological process
involving functional modifications in all organs and systems
of the newborn, allowing survival after separation from the
mother’s uterus and placenta. The key aspects of this transition
are: pulmonary expansion for gas exchanges, establishment
of an adult-like and stable circulation; maintenance of the
newborn’s body temperature and metabolic adaptation to
life outside the uterus (Teixeira et al. 2007).
Glucose is the main energy substrate in the fetal and
placental metabolism in all mammalian species (Brolio et al.
2010). Anaerobic glycolysis is a process that uses glucose
to produce lactate in the absence of oxygen (Barroso et al.
2006). The glucose requirement of the fetus-placenta unit
may represent up to 70% of the overall glucose metabolism
in pregnant ewes, most of which is used by the placenta.
The remaining glucose is used by the fetus, which has only
46% of its energy needs supplied by glucose, with amino
acid catabolism representing 25%, lactate representing 20%
and a small fraction from alanine (Brolio et al. 2010). During
the fetal stage, lactate plays a role in oxidation, fatty acid
synthesis and glycogen synthesis (Gleason et al. 1985). Lactate
plays a key role in both human and veterinary obstetrics as
a marker for fetal and neonatal distress (Armstrong et al.
2006) and is one of the main elements of metabolic acidosis
(Borruto et al. 2008).
Uterine contractions and the rupture of the fetal membranes
during natural birth cause alterations in the uterine and
placental blood circulation, promoting a mild and temporary
mixed acidosis, which is considered physiologic with blood pH
around 7.2 (Ravary-Plumioen 2009). During the pregnancy
and birth, the animal is subjected to a low oxygen supply.
Healthy neonates suffer from mild cases of acidosis while
animals born from complicated births invariably present
lower blood pH levels (Gardiner 1980). This happens after
the umbilical cord is broken, due to the anaerobic glycolysis
that happens in low-circulation tissue during the transition
between placental oxygen supply and the establishment of the
respiratory function (Vaala & House 2006). This condition is
aggravated by the limited respiratory capacity of a neonate,
characterized by a hypoventilation which does not guarantee
the removal of all carbon dioxide (CO2) produced. This results
in a buildup of carbon dioxide, which leads to the production
of carbonic acid and, therefore, a decrease in the blood pH
levels (Piccione et al. 2006).
The use of a portable clinical analyzer allows the assessment
of chemical and electrolytical parameters, as well as pH and
gas levels, in venous blood samples. This equipment has been
validated in human medicine (Dascombe et al. 2007) and has
also been employed recently with reliable results in veterinary
medicine (Silverman & Birks 2002, Veronesi et al. 2014).
The main purpose of this study was to evaluate the
correlation between the serum lactate levels in the mother,
in the placenta and in the newborn, identifying one of the
causes of neonatal physiological hyperlactatemia and its
correlation with placental production, also measuring the
lactate levels, blood glucose levels and blood gas levels in
the first 24 hours.

Ethics statement. The experiment was conducted at Cabanha
Unimar, located inside Experimental Farm “Marcelo Mesquita Serva”
(University of Marília - Unimar) in the city of Marília, São Paulo,
Brazil at latitude 22°12’50” S, longitude 49°56’45” W. The study
was approved by the Commission for Ethics in the Use of Animals of
the College of Veterinary Medicine and Animal Sciences, São Paulo
State University, Botucatu, Brazil, under protocol no. 194/2013.
Animals used. We used 14 crossbred ewes and their respective
lambs, including nine females and eight males, among which there
were six twins. After confirming the pregnancy, the ewes were
separated in a rotational grazing system and then duly vaccinated
and vermifuged. Upon the end of pregnancy, the ewes were taken
to a smaller enclosure where the first assessments were conducted
during the lambs’ first day of life. Two other ewes with labor dystocia
of fetal origin were excluded from the study. The lambs remained
with the mothers throughout the evaluation period. No deaths
happened during the assessed period.
Sample collection. Blood was collected from neonates and
mothers through jugular venipuncture after the first contact
between mother and lamb. Blood samples were also collected from
the neonates four, eight, twelve and twenty-four hours after birth.
Total placental blood samples were collected immediately after
birth, before placental expulsion, through puncture of the venous
intercotyledonary vessels described by (Schoenau et al. 2005).
Assessment lactate. A single drop of total blood was used
for direct assessment of the levels of lactate immediately after
collection through a portable analyzer (Accutrend, Roche Diagnostic
Corporation, Indianapolis, IN, USA).
Assessment blood glucose. To measure the blood glucose
levels, the samples were assessed immediately after collection using
a portable glucose meter (Accu-chek Active, Roche Diagnostic
Corporation, Indianapolis, IN, USA).
Assessment blood gas levels. To determine blood gas levels,
the blood samples from the lambs were collected through jugular
venipuncture in syringes prepared previously with sodium heparin
(1000 UI/mL) immediately after birth and then four, eight, twelve
and twenty-four hours after birth. The blood gas assays were
conducted using a portable clinical analyzer (i-Stat Portable
Clinical Analyzer, Abbott Laboratories, Abbott Park, Illinois, USA)
with specific cartridges (EG7+, Abbott Laboratories, Abbott Park,
Illinois, USA) according to the manufacturer’s recommendations.
The following parameters were determined: sodium (Na+; mEq/L),
potassium (K+; mEq/L), ionized calcium (iCa; mM), bicarbonate
(HCO-3), potential of hydrogen (pH), oxygen saturation (sO2), carbon
dioxide (TCO2; mM), carbon dioxide partial pressure (PCO2; mmHg),
oxygen partial pressure (PO2; mmHg), base excess/deficit (BEecf;
mM), hematocrits (Ht; %) and hemoglobin (Hb). The values for
pH, PO2 and PCO2 were corrected according to each animal’s
rectal temperature, since this can influence these parameters and,
consequently, the hemoglobin dissociation curve.
Statistical analysis. The distribution of all variables were
assessed through graphs and normality tests (Kolmogorov-Smirnov)
across the studied moments. For the assessment of the variables
obtained from lambs, we employed variance analysis for repeated
measurements, Friedman’s non-parametric test followed by Dunn’s
post hoc test to determine the median for each variable at the
studied moments. To analyze the lactate and blood glucose levels
among the groups, we employed Kruskal-Wallis’ non-parametric
Pesq. Vet. Bras. 38(9):1878-1884, setembro 2018
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test followed by Dunn’s test. All analyses were conducted using
the software Graphpad Prism 5.0 (GraphPad Software, La Jolla,
San Diego, CA, USA). P values inferior to 0.05 were considered
statistically significant.

RESULTS

Neonatal lactatemia at the time of birth has proved to be
very close to the placental values and we observed lactate
clearance during the following analyses (Tables 1 and 2).
We observed statistical differences when comparing mother
versus placenta (p<0.015) and mother versus neonate
(p<0.015) at the time of birth and four hours after birth
(p<0.032). There were no statistical differences in the values
obtained eight, twelve and twenty-four hours after birth or
in the comparison between neonate and placenta in any of
the studied moments (Fig.1).
Lactate clearance in the neonate’s organism happened
gradually during the first 24 hours, evidenced in the comparing
the results obtained at the time of birth with the one obtained
after 24 hours (p=0.0065) and the results obtained after
4 hours with the ones obtained after 24 hours (p=0.0065).
These differences were not observed when comparing the
other moments studied (Table 2 and Fig.2).
Neonatal blood glucose levels have differed significantly
compared to that in mother (p=0.001) at the time of birth
at around 60 to 70% (Table 3 and Fig.3). We also observed
a gradual increase in the serum values during the neonate’s
first 24 hours (Table 3 and Fig.4), with significant differences
between birth and the other moments studied: birth versus
4 hours (p=0.001), birth versus 8 hours (p=0.001), birth
versus 12 hours (p=0.001) and birth versus 24 hours
(p=0.001).
The variables analyzed in hemogasometry are presented
in table 4. Among them the pH showed a significant increase
from birth to 4 hours after (p<0.01) and from birth to
24 hours after (p<0.01). No significant differences were
observed in the comparison between the other moments
studied. Still can be observed an acid-base alteration, with

Fig.1. Serum lactate concentration in the groups assessed. Different
letters (a, b, c) indicate a statistical difference (p<0.05) between
groups.

Fig.2. Serum lactate concentration in neonate lambs at the time of
birth and 4, 8, 12 and 24 hours after. Different letters (a, b, c)
indicate a statistical difference (p<0.05) between moments.

Table 1. Serum lactate concentration in the mothers, placenta and lambs at the time of birth and after 4, 8, 12 and 24 hours
Lactate

Ewes

3.092 ± 1.391

a

Placenta

5.777 ± 3.032

b

3.800 ± 3.450 ab
____________________
a, b, c
Different letters indicates a significant difference (p<0.05) within moments.

Neonates

5.892 ± 2.211b
5.477 ± 2.188b
4.992 ± 1.854ab
4.831 ± 1.759 ab
24 hours

Birth
4 hours
8 hours
12 hours

Table 2. Serum lactate concentration in neonate lambs at the time of birth and after 4, 8, 12 and 24 hours

Birth
4 hours
8 hours
12 hours
24 hours

_____________________________
a, b, c

Average ± DP

5.671 ± 1.995a
5.618 ± 1.939ab
5.118 ± 1.700ab
4.718 ± 1.559bc
4.282 ± 0.9322c

Minimum
2.9
2.7
2.5
2.6
2.9

Different letters indicates a significant difference (p<0.05) within moments.
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Lactate (mMol/L)

Maximum
9.6
11.1
8.5
8.7
6

Reference

<4
(Comline & Silver 1971)
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mild primary metabolic acidosis expressed by a small
decrease in the BE and HCO3 values at birth, as well as a
mild compensatory respiratory alkalosis highlighted by
the reduction in the PCO2 values. The total concentration
of carbon dioxide (TCO2 mmol/L) increased during the
evaluated moments, especially in the comparison between
birth and 24 hours (p<0.001), four and 24 hours (p<0.001)
and eight and 24 hours (p<0.001). Among the electrolytes,
serum sodium concentration dropped significantly between
eight and 24 hours after birth (p<0.005). Such significance

difference was not observed in the other moments studied.
There was a decrease in the concentration of potassium, but
without significant.
The globular volume decreased during the first 24 hours of
the neonate’s life, there was a significant difference between
birth and 12 hours (p<0.005), birth and 24 hours (p<0.001)
and 8 and 24 hours (p<0.01). Hemoglobin concentration
decreased significantly when we compared the same times
(Table 4), birth versus 12 hours (p<0.005), birth and 24 hours
(p<0.001) and 8 versus 24 hours (p<0.01).

Table 3. Maternal, placental and neonatal lambs blood glucose at birth and after 4, 8, 12 and 24 hours
Ewes

Glucose

131,727 ± 38,936a

102,273 ± 21,546a

________________________________
a, b, c

Placenta

33,364 ± 32,346b

Different letters indicates significant difference (p <0.05) within moments.

47,545 ± 23,390b
107,091 ± 46,773a
118,545 ± 75,717a
110,000 ± 42,953a
24 hours

Neonates

Birth
4 hours
8 hours
12 hours

Table 4. Blood gas variables studied at the time of birth and after 4, 8, 12 and 24 hours

Variable
pH

BE
(mEq/L)

Birth

7.381 ± 0.07051a

PO2
(mmHg)

TCO2
(mEq/L)
SO2
(%)

Na
(mEq/L)
K
(mEq/L)
VG
(%)

Hb
(g/dL)

12 hours

24 hours

7.456 ± 0.08879ab 7.501 ± 0.07628b

-1.176 ± 4.461ab

-1.471 ± 3.044ab

0.235 ±4.280bc

4.118 ±4.781c

22.171 ± 2.708ab

22.494 ± 2.588ab

24.135 ± 3.504bc

27.247 ± 3.904c

35.235 ± 7.340

30.141 ± 9.051

32.406 ± 5.569

34.541 ± 6.556

34.794 ± 4.416

100.47 ± 54.980

108.06 ± 51.492

84.765 ± 56.148

65.059 ± 40.512

61.235 ± 38.276

22.000 ± 3.571a

23.059± 2.727a

23.471± 2.625a

25.000 ± 3.518ab

28.294 ± 3.837b

91.706 ± 9.828

90.412 ± 16.767

86.059 ± 15.332

81.706 ± 17.581

80.647 ± 18.695

145.000 ± 2.669ab

146.000 ± 2.550ab

146.588 ± 2.265a

146.471 ± 2.918ab

144.765 ± 2.658b

-4.294 ± 3.965a

4.465 ± 0.335

4.665 ±0.841

4.594 ±0.715

4.688 ±0.681

4.735 ±0.552

38.000 ± 5.025a

36.588 ± 3.890abc

36.235 ± 4.521ab

35.647 ± 3.904bc

34.176 ± 3.957c

12.906 ± 1.702a

12.441 ± 1.337abc

12.324 ± 1.535ab

12.118 ± 1.334bc

11.618 ± 1.334c

__________________________________________________
a, b, c

8 hours

7.452 ± 0.06269ab

Bicarbonate
(mEq/L)
20.759 ± 3.477a
PCO2
(mmHg)

4 hours

7.494 ± 0.1641bc

Different letters indicates a significant difference (p<0.05) within moments.

Reference

7.33 ± 0.04
(Vannucchi et al. 2012)
-4a4
(Rodrigues et al. 2007)

23.88 ± 2.17
(Vannucchi et al. 2012)
45.2 ± 4.7
(Vannucchi et al. 2012)
46.0 ± 11.8
(Vannucchi et al. 2012)
24.0 ± 1.98
(Vannucchi et al. 2012)
59.83 ± 10.85
(Feitosa et al. 2011)

147.5 ± 1.51
(Vannucchi et al. 2012)
4.2 ± 0.61
(Vannucchi et al. 2012)
33.72 ± 0.6
(Gama et al. 2007)
12.9
(Gama et al. 2007)
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Fig.3. Blood glucose levels in the groups assessed. Different letters
(a, b, c) indicate a statistical difference (p<0.05) between the
groups.

Fig.4. Blood glucose levels in neonate lambs at the time of birth and
4, 8, 12 and 24 hours after. Different letters (a, b, c) indicate a
statistical difference (p<0.05) between moments.

DISCUSSION
Neonatal hyperlactatemia has been shown to be physiological
in several studies (Comline & Silver 1972, Peternelli Silva
2012, Silva 2012, Silva et al. 2013, Regazzi 2015). In this
study, it was demonstrated the production of lactate in
the placenta and its distribution to the fetus, as shown by
Sparks et al. (1983). There are no studies in the literature
assessing the interference of placental lactatemia over the
initial neonatal lactatemia and this study is the first in the
field of ovine neonatology. However, more studies regarding
this interference are needed as it may be used to determine
when the neonatal hyperlactemia stops being physiological,
a possible prognostic factor during neonatal assessment.
Lactate clearance by the neonate’s body occurred gradually
in the first 24 hours, this was due to pulmonary and metabolic
Pesq. Vet. Bras. 38(9):1878-1884, setembro 2018

stabilization and maturation (Ronco 2005). This reduction in
lactatemia was also observed by Silva (2012) in ovine and by
Castagnetti et al. (2010) and Cruz (2014) in equidae.
Neonatal blood glucose levels have differed statistically
from the mother’s, as described by Andrade (2002) in humans.
Neonate blood glucose levels were also above the normality
standards established by Vannucchi et al. (2012) and Peternelli
Silva (2012) and below the levels observed by Regazzi (2015).
As happened with lactate, this variable has been shown to be
closer to the values obtained from the placenta at the time of
birth and has diverged statistically after a second assessment
four hours after birth (p=0.001). The gradual increase in the
serum values blood glucose during the neonate’s first 24
hours is due to the ingestion of colostrum, the increase in
glucose absorption and the stimulation of gluconeogenesis
(Josefson & Zimmerman 2009).
During pregnancy and birth, the animal is subjected
to a low supply of oxygen. Healthy neonates suffer from
mild acidosis while animals born from complicated births
invariably present significantly lower blood pH values (Bovino
2011). The physiological values are maintained through the
establishment of intracellular and extracellular buffering
processes associated to the physiological regulatory processes
in the lungs and kidneys (Andrade & Hirschhheimer 2005).
Despite a statistically significant increase between birth
and the first 24 hours of life (p<0.01), the pH levels have
remained inside the normality standards the entire time,
something that was also observed by Silva (2012) and Bovino
(2011). On the other hand, Vannucchi et al. (2012) observed
acidemia in premature ovine neonates due to an alteration
in the pH levels. The maintenance of pH levels happen due
to compensation through the reduction in the PCO2 levels
that happen with hyperventilation and, therefore, we did not
observe acidemia (Bailey & Pablo 1998).
In this study, we observed an acid-base alteration, with mild
primary metabolic acidosis expressed by a small decrease in
the BE and HCO3 values at birth, as well as a mild compensatory
respiratory alkalosis highlighted by the reduction in the
PCO2 values. These alterations have not been maintained in
the following analyses, which indicate an adequation of the
acid‑base balance. Regazzi (2015) has also observed these
patterns in ovines. Silva (2012) and Vannucchi et al. (2012)
have also observed a decrease in the levels of HCO3, but with
hypercapnia in the studied ovine neonates.
The metabolization of oxygen in the tissues result in the
formation of CO2 molecules and then HCO3 and H+ molecules,
which contribute to the increases observed in these indexes
(Regazzi 2015). We also observed a statistically significant
increase in the levels of TCO2, but within the normality
standards at all studied moments. This was also observed by
Regazzi (2015) in ovine neonates born from eutocic births.
Under acidosis, H+ ions are scrambled with the intracellular
sodium and potassium ions, increasing their blood concentrations.
In this study, we observed a significant reduction in the serum
concentration of sodium during the neonate’s first 24 hours
(p<0.005), indicating the stabilization of the acid-base balance
within this time frame. However, the values obtained remained
within the standards established by Vannucchi et al. (2012).
On the other hand, Silva (2012) observed hyponatremia in
premature lambs within all groups studied while Rocha et al.
(2009) observed it in bovines at the time of birth.
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Studies conducted in young ovines have shown that the
number of red cells, corpuscular volume and hemoglobin
concentration decrease during the first month of life as part
of the physiological dynamics (Gama et al. 2007). In this study,
the corpuscular volume has decreased during the neonate’s
first 24 hours (p<0.001), followed by hemoglobin, something
which was also observed by Gama et al. (2007) and Regazzi
(2015) in lambs during the same time frame. However, the
values observed at the time of birth in this study were above
those observed by Gama et al. (2007), Lima et al. (2015) and
Regazzi (2015).

CONCLUSIONS

The concentration of lactate in neonate lambs presents a
physiological increase at the time of birth. Lactate clearance
happens during the neonate’s first 24 hours, getting closer
to the reference values for the species.
Neonatal lactatemia at the time of birth is influenced by
the placental production of lactate.
The neonate is born with a mild metabolic acidosis, which
is normalized during the first 24 hours with the stabilization
of the acid-base balance.
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