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In order to define the normal composition of canine amniotic fluid and to
detect differences between surviving and non-surviving newborn puppies, the pre-
sent study determined the uric acid, glucose, lactate and creatinine concentrations
and the lactate to creatinine ratio in amniotic fluids collected during elective Cae-
sarean section from small-sized purebred bitches. The possible relationship be-
tween newborn survival and the studied parameters, as well as the effects of ma-
ternal parity, fetal gender and Apgar score were assessed. The study enrolled 27
small-sized purebred bitches submitted to elective Caesarean section at term. Af-
ter opening the fetal membranes, amniotic fluid samples were collected aseptical-
ly from the amniotic sac of each fetus. The data obtained from 74 amniotic fluid
samples collected from 27 bitches showed that amniotic glucose concentration
was lower (P < 0.05) in non-surviving than in surviving puppies. Within the nor-
mal, surviving puppies, amniotic glucose concentration was higher (P < 0.05) in
male than in female newborns, and the lactate/creatinine ratio was significantly
higher in multiparous than in primiparous bitches (P < 0.05). These preliminary
results demonstrate the relevance of amniotic glucose, but not of uric acid, lactate,
creatinine and the lactate to creatinine ratio for detecting puppies at risk of death
immediately after birth.
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In mammals, fetal growth, development and well-being are regulated by
several factors, and the placenta and fetal fluids contribute to maintaining a suit-
able environment for the fetus. Amniotic fluid is a very complex and unique fluid
that nourishes and protects the fetus, whose composition changes widely along
the course of pregnancy as well as in relation to some maternal, fetal or placental
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imbalances or diseases, and could reflect the metabolism of all the three com-
partments. In humans, amniotic fluid production is mainly provided by the excre-
tion of fetal urine and by secretions from the respiratory tract and oral cavity
(Brace et al., 1994; Underwood et al., 2005), although the gastrointestinal tract
and the fetal skin before keratinisation also contribute to the composition of the
amniotic fluid (Brace et al., 1994).

In human beings, the analysis of amniotic fluid composition attracted
strong scientific interest in the past fifty years; as a result, many aspects were ful-
ly investigated and markers for the correct management of both the pregnant
women and their fetuses/newborns were identified. In particular, some amniotic
parameters near term of pregnancy proved to be useful for the early recognition
of disturbances in fetal wellbeing and neonatal outcome in humans (Wiberg-Itzel
et al., 2014) as well as in animals (Koski and Fergusson, 1992).

In humans, perinatal asphyxia is a common disorder, regarded as the most
important cause of stillbirth and neonatal death (Banupriya et al., 2008). Hypoxia
induces an anaerobic metabolism, leading to the release of metabolic degradation
products, such as lactic acid (Chen et al., 2000; Liu et al., 2006), coupled with
the increased production of hypoxanthine as a result of accelerated ATP degrada-
tion and the consequent increased production of purine nucleotides. When this
hypoxic condition persists, hypoxanthine is oxidised to xanthine and uric acid
(Bader et al., 1995; Akisii and Kiiltiirsay, 1998). A transient, short-term asphyxia
is recognised also in dogs during the process of birth, even under normal condi-
tions (Grundy, 2006). It was, however, recognised that during the transition from
fetal to neonatal, extrauterine life, hypoxia is transient and ceases within 60 min
after birth (Vassalo et al., 2015). On the other hand, the process of labour in dogs
could be very long, so that fetal death can reach very high percentages as com-
pared to other species, especially when dystocia occurs (Moon et al., 2001). In
addition, asphyxic puppies are more susceptible to neonatal diseases such as sep-
ticaemia, and therefore are at an increased risk of neonatal death (Johnston et al.,
2001). Taken together, the birth process and the early neonatal period represent
the most challenging stages for canine offspring. Because of the very high per-
centages of perinatal loss, full knowledge of the normal changes occurring dur-
ing the last phase of intrauterine fetal development and during the birth process
is needed to reduce the impact of canine perinatal death.

As regards early neonatal outcome, besides the risk of perinatal asphyxia,
the storage of nutrients and the energy metabolism are recognised as the most
important parameters affecting neonatal survival (Vassalo et al., 2015). In hu-
mans as well as in animals, the amniotic fluid is swallowed by the fetus, and
some of its constituents, such as carbohydrates and proteins, are digested and ab-
sorbed by the fetus itself (Pitkin and Reynolds, 1975; Charlton-Char and Rudolf,
1979). Therefore, the amniotic fluid was suggested as a possible source of nutri-
tion for fetal development and growth (Mulvihill et al., 1985). Glucose, recog-
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nised as the major metabolic fuel for the fetus (Battaglia and Meschia, 1978) and
for the newborn puppy immediately after birth (Johnston et al., 2001), was
shown to be one of the amniotic fluid components in both humans and some an-
imal species. In humans, the condition of intrauterine fetal growth retardation
was associated with low glucose concentrations in the amniotic fluid (Drazanci¢
and Kuvaci¢, 1974). In addition, Koski and Fergusson (1992) reported a positive
correlation between amniotic fluid glucose concentrations and fetal weight in
rats.

In addition to glucose, other amniotic fluid compounds, such as lactate and
uric acid, have been considered as putative indicators of fetal maturity and possi-
ble metabolic distress (Cherry et al., 1969). Koski and Fergusson (1992) demon-
strated the role of some amniotic fluid constituents as predictors of fetal metabol-
ic status in rats. They found a negative correlation between amniotic uric acid
concentrations and fetal weight in rats, while amniotic lactate was not signifi-
cantly associated with fetal weight. Therefore, it was stated that the measure-
ments of amniotic uric acid could be predictors of fetal growth and metabolic
maturity.

Although amniotic fluid lactate concentrations can provide information
about fetal acidaemia, Torrance et al. (2013) reported that a normalisation of am-
niotic fluid volume by calculating the lactate to creatinine ratio was necessary to
enable a more accurate estimation of fetal lactacidaemia.

In humans, creatinine is regarded as one of the protein constituents of am-
niotic fluid, especially towards the term of pregnancy, when it results from the
excretory activity of the fetus.

Knowledge of the precise composition of canine fetal fluids is desirable
from a scientific point of view and, specifically, the identification of possible
markers enabling a better evaluation of the neonate at birth could be very useful
from a clinical perspective. In this respect, some parameters proved to be useful
for the early prediction of neonatal outcome, metabolic maturity or status in hu-
mans, and the use of such parameters would be interesting also for the assess-
ment of newborn dogs.

To the authors knowledge, the normal composition of canine amniotic flu-
id has received little attention so far. As some amniotic fluid parameters could
provide markers for the early prediction of neonatal outcome and/or metabolic
status for a better neonatal management also in dogs, the aim of this study was to
evaluate the concentrations of some amniotic fluid constituents, such as uric acid
(UA), glucose (G), lactate (L), creatinine (CREA) and the lactate to creatinine ra-
tio (L/CREA) in small-sized purebred bitches subjected to elective Caesarean
section at term. The possible relationship between the studied parameters and
newborn outcome, as well as the possible effects played by maternal parity,
newborn gender and Apgar score on UA, G, L, CREA and L/CREA were also
evaluated.
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Materials and methods

Animals

The study enrolled 7 primiparous (PP) and 20 multiparous (MP) small-
sized (body weight < 10 kg) purebred bitches, belonging to several breeds (10
Chihuahua, 5 Maltese, 3 Jack Russell Terrier, 2 Toy Poodle, 2 Shih-tzu, 2
Dachshund, 2 Pug and 1 Miniature Bull Terrier), and subjected to elective Cae-
sarean section at term.

Elective Caesarean section was always performed for the health of both
the mothers and the puppies, because all the bitches belonged to breeds at high
risk of dystocia or had a previous history of problems at parturition. All female
dogs were healthy, regularly vaccinated and subjected to parasite prophylaxis,
and they were fully monitored from the time of mating (or artificial insemina-
tion) throughout the complete gestation length until parturition, as reported by
Meloni et al. (2014). Pregnancy diagnosis was performed by ultrasound at 20-28
days after the sole mating, when the estimation of parturition date was also per-
formed by measuring the inner chorionic cavity (Beccaglia and Luvoni, 2006),
and fetal viability was assessed by the detection of early fetal cardiac motion
(Davidson and Baker, 2009). A further prediction of the parturition date was per-
formed by the ultrasonographic measurement of biparietal diameter at 4045
days of pregnancy (Beccaglia and Luvoni, 2006), and fetal viability was re-
evaluated. At the ultrasonographically estimated parturition day, elective Caesar-
ean section was performed on bitches having plasma progesterone (P4) concen-
trations < 2 ng/ml. For bitches with a plasma P4 still above 2 ng/ml, fetal viabil-
ity and plasma P4 concentrations were checked daily until surgery (Meloni et al.,
2014).

The study was performed when the national regulations did not require an
institutional approval for the use of biological waste materials obtained during
routine clinical management of patients. Before the Caesarean section, all the
owners signed an informed consent form stating their consent not only to the
surgery but also specifically allowing the collection and use of amniotic fluids
for research purposes. The anaesthesia was mainly aimed at minimising the
negative impact on newborn puppies and was performed according to the same
protocol in all the bitches, as reported by Meloni et al. (2014).

Collection of amniotic fluids

Amniotic fluid samples were collected, after opening the fetal membranes,
from the amniotic sac of each fetus in an aseptic manner with a sterile syringe, in
which the needle was withdrawn to avoid any possible injury or damage to the
fetus (Meloni et al., 2014). Newborn resuscitation and amniotic fluid collection
were performed by two separate operators, and amniotic fluid collection never
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affected prompt neonatal care and resuscitation performed by veterinarians par-
ticularly skilled in neonatal management (Meloni et al., 2014). The collected
amniotic fluids were centrifuged at 1000 x g for 20 min and immediately stored
at —20 °C until analysis for UA, G, L and CREA concentrations, which was al-
ways performed within two months of sample collection.

Evaluation of newborn puppies

Within 5 min of birth, the neonates were evaluated for viability using the
Apgar score (Veronesi et al., 2009), gender and the presence/absence of gross
physical malformations, and they were weighed before nursing. Body weight at
birth was compared to the breed reference range reported by the Italian Kennel
Club (ENCI). Newborn survival was re-checked at 24 h after birth and at 7 days
of age.

Uric acid, glucose, lactate, and creatinine analysis

After thawing, each fluid sample was re-centrifuged at 1400 x g for 10 min
and the supernatant was assayed for UA, L and CREA by spectrophotometry, us-
ing a Cobas Mira Classic automatic analyser (Roche®, Basel, Switzerland). Uric
acid was analysed by a modified enzymatic colorimetric Trinder [Uric Acid —
Ben Biochimical Enterprise Srl, Milan, Italy; intra- and inter-assay coefficient of
variance (CV) 2.65 and 4.86, respectively; MDC: 0.28 mg/dl], lactate was assayed
by a colorimetric Trinder (L-Lactate — Ben Biochimical Enterprise Srl, Milan, It-
aly, intra- and inter-assay CV 1.07 and 1.53, respectively; MDC: 1.50 mg/dl),
and creatinine by the modified Jaffé colorimetric, kinetic assay (Creatinine — Ha-
gen Diagnostica Srl, S. Giovanni Valdarno, Italy, intra- and inter-assay CV 2.70
and 5.32, respectively; MDC: 0.09 mg/dl). Glucose was analysed by (GOD-
POD) enzymatic colorimetric method on the basis of the Trinder reaction (Hagen
Diagnostica srl, S. Giovanni Valdarno, Italy, intra- and inter-assay CV 2.01 and
3.82, respectively; MDC: 6.97 mg/dl).

Statistical analysis

Data on the amniotic concentrations of UA, G, L and CREA as well as the
L/CREA ratio in relation to newborn survival and the possible effect of maternal
parity and newborn gender were statistically analysed by a non-parametric
ANOVA test (Wilcoxon test), while the possible effect of the Apgar score was
assessed using the Kruskall-Wallis test using JMP7 (SAS Inc, Cary, NC). Signif-
icance was set for a P value of < 0.05.
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Results

Clinical findings

From the 27 bitches subjected to elective Caesarean section, a total of 74
puppies were born, 58 from multiparous and 16 from primiparous bitches, 38
females and 36 males; litter size ranged between 1 and 6, with an average of 3.4
puppies per litter. Out of the 74 puppies, 68 (92%) were normally developed,
with an Apgar score > 7, without gross birth defects, normal weight and surviv-
ing at 24 h and at 7 days of age, while 6 (8%) puppies belonging to different
bitches were severely depressed (Apgar score < 4) and did not survive at 24 h af-
ter birth. For the six dead puppies abnormal maternal behaviours or illness were
excluded, and necropsy did not reveal gross malformations, trauma or infections.

Amniotic fluid UA, G, L, CREA concentrations and L/CREA ratio

A total of 68 amniotic fluid samples were collected from normal, surviv-
ing newborns, and 6 amniotic fluid samples were collected from the less viable
puppies dying within 24 h after birth. All the 74 amniotic samples were analysed
for UA, G, L and CREA concentrations and the L/CREA ratio was calculated.

Although the number of puppies not surviving at 24 h after birth was low
(n = 6), a statistical comparison between amniotic fluid UA, G, L and CREA
concentrations and L/CREA ratio (median and 25-75 percentiles) in the 68 nor-
mal, surviving puppies and in the 6 less viable puppies dead within 24 h after

birth was performed (Table 1).
Table 1

Uric acid, glucose, lactate and creatinine concentrations and lactate/creatinine ratio (median and
25-75 percentiles) in the 68 amniotic fluid samples collected from normal, surviving puppies and
in the 6 amniotic fluid samples collected from puppies dead within 24 h after birth

Amniotic fluid

Uric acid Glucose Lactate Creatinine Lactate/Creatinine
(mg/dl) (mg/dl) (mg/dl) (mg/dl) ratio
Normal 0.97 18 72 1.7 41
(n=068) (0.63-1.56) (12-30)* (53.3-91.2) (1.1-3.1) (22.2-63.1)
Dead 1.18 7 52 2.1 26
(n=06) (1.00-1.67) (0.5-1 1.7)b (51.5-59.4) (1.6-3.8) (13.4-39.2)

*PDifferent superscripts within a column indicate a significant difference (P < 0.05)

Data on the median and 25-75 percentiles of amniotic fluid UA, G, L,
CREA concentrations measured and L/CREA ratio calculated in the 68 amniotic
fluid samples belonging to normal, surviving puppies retrieved from the 27 lit-
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ters, and grouped according to maternal parity and newborn gender are presented

in Table 2.

Table 2

Uric acid, glucose, lactate and creatinine concentrations and lactate/creatinine ratio (median and
25-75 percentiles) in the 68 amniotic fluid samples belonging to normal, surviving puppies,

grouped on the basis of maternal parity and newborn gender

Amniotic fluid

Uric acid Glucose Lactate Creatinine Lactate/Creatinine
(mg/dl) (mg/dl) (mg/dl) (mg/dl) ratio
Primiparous 1.2 15 63 2.3 25
n=15) (1.02-1.96) (3.5-19.0) (51.0-85.2) (1.6-3.5) (19.0-35.5)*
Multiparous 0.9 19 73 1.6 46
(n=53) (0.57-1.48) (14.0-30.7) (59.6-91.2) (1.1-2.5) (23.2—66.5)b
Males 0.91 25 66 1.7 32
(n=33) (0.65-1.30) 17-31)* (51.8-84.2) (1.1-3.5) (20.3-57.6)
Females 1.03 15 76 1.7 48
(n=35) (0.63-1.98) (8726)b (63-93) (1.1-2.6) (26.3-71.7)

*PDifferent superscripts within columns indicate significant differences (P < 0.05)

In Table 3, data on the median and 25-75 percentiles of amniotic fluid
UA, G, L and CREA concentrations measured and L/CREA ratio calculated in
the 68 amniotic fluid samples belonging to normal puppies are grouped accord-
ing to the Apgar score.

Table 3

Uric acid, glucose, lactate and creatinine concentrations and lactate/creatinine ratio (median and
25-75 percentiles) in the 68 amniotic fluid samples belonging to normal, surviving puppies,

grouped on the basis of the Apgar score

Amniotic fluid

Uric acid Glucose Lactate Creatinine Lactate/Creatinine

(mg/dl) (mg/dl) (mg/dl) (mg/dl) ratio
Apgar 7 0.91 15 62 1.7 39
(n=14) (0.63-1.77) (10.3-18.0) (43.5-74.3) (1.1-3.3) (15.2-56.5)
Apgar 8 1.08 19 77 2.0 36
(n=29) (0.83-1.69) (9-35) (63.7-97.3) (1.2-2.8) (23.3-64.4)
Apgar 9 0.89 16 76 1.8 36
(n=20) (0.64-1.55) (14.0-26.5) (63.8-86.5) (1.2-3.0) (20.3-68.7)
Apgar 10 0.97 25 77 1.7 46
n=15) (0.86-1.12) (12-26) (44.4-84.0) (1.6-7.9) (4.6-51.9)
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Discussion

To the authors’ knowledge, as compared to humans, the composition of
fetal fluids in dogs is still not completely investigated. Full knowledge of the
normal composition of fetal fluids and the identification of some potential mark-
ers for the early prediction of neonatal outcome and/or metabolic status for a bet-
ter neonatal management are thus desirable also in dogs.

A previous study reported glucose, lactate and cortisol concentrations of
the amniotic fluid in puppies born by bitches of different size via different types
of parturition (Groppetti et al., 2015). However, data on a more homogeneous
group and also on some other parameters such as UA, CREA and L/CREA ratio
have not been reported yet.

Therefore, the present study was designed to determine the concentrations
of UA, G, L and CREA and the L/CREA ratio in amniotic fluid samples collect-
ed from newborn puppies, born by elective Caesarean section from healthy,
small-sized bitches at term of a normal-course pregnancy, in relation to newborn
survival and assessing the possible effect played by maternal parity, neonatal
gender and Apgar score on amniotic UA, G, L and CREA concentrations and on
the L/CREA ratio.

Although the number of puppies dead within 24 h after birth was low (n =
6), a statistical comparison between data obtained on amniotic fluids collected
from those puppies and surviving subjects was performed because, according to
the implied purpose of the present study, from a clinical perspective it could be
useful to identify possible markers for the early prediction of newborn outcome
or metabolic imbalance. However, the authors emphasise that these data must be
considered only preliminary and deserve further investigations on a higher num-
ber of puppies. From this comparison, the most interesting result is the lower
(about one-half) median amniotic glucose concentration (P < 0.05) in non-
surviving puppies as compared to newborns surviving at 24 h and at 7 days of
age. However, because two out of these 6 amniotic fluid glucose concentrations
were below the minimum detectable concentration, this result must be consid-
ered very cautiously, and further studies are needed to define the real amniotic
fluid glucose concentrations in puppies at risk of death immediately after birth.

However, it seems reasonable to suppose that amniotic fluid glucose con-
centrations in non-surviving puppies could be much lower than those found in
surviving puppies. As the 6 dead puppies showed a normal birth weight for the
given breed, it seems possible to hypothesise that the low amniotic fluid glucose
concentrations could be the cause, or the effect, of metabolic imbalance at the
time of birth, and could be suspected as at least one of the causes of death. How-
ever, even if no significant differences were found for the other studied parame-
ters, based on these very preliminary results, it is not possible to exclude the in-
volvement of other factors responsible for the impairment of neonatal adaptation.
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In a previous study (Groppetti et al., 2015), mean glucose concentrations of the
amniotic fluid were found to be lower (14.2 = 0 mg/dl) than in puppies alive at
48 h after birth (20.4 = 9.1 mg/dl).

The median amniotic fluid glucose concentrations in surviving puppies
(18 mg/dl) were similar to the mean value (20.4 mg/dl) reported by Groppetti et
al. (2015), while in dead puppies the median glucose concentrations in the pre-
sent study were lower than the mean value reported by the above authors (7 vs.
14.2 mg/dl).

Although the data were obtained from a small number of puppies, the lack
of significant differences in UA, L, CREA concentrations and L/CREA ratio be-
tween surviving and non-surviving puppies is interesting and seems to suggest
that asphyxia and renal maturity could be less important than glucose as a meta-
bolic fuel, for the early survival of puppies.

When data obtained on the 68 amniotic fluid samples collected from nor-
mal, surviving puppies were considered in relation to the Apgar score, no signifi-
cant association was found between the studied parameters and the Apgar score,
in agreement with the results reported by Groppetti et al. (2015).

Within the group of surviving puppies, the overall median concentration
of UA (0.97 mg/dl) was lower than the concentrations reported in amniotic fluid
samples collected in normal human pregnancies at term (5.8 + 1.2%) (Cherry et
al., 1969), and difficult to compare to data reported by Fresno et al. (2012) in
cats at term (< 5 mg/dl). No effect of maternal parity, newborn gender and Apgar
score was observed on amniotic fluid UA concentrations.

The overall median glucose concentration of the amniotic fluid (18 mg/dl)
was very similar to data reported for amniotic mean glucose in human normal
pregnancies (22 + 12 mg/dl) (Mohajeri Tehrani et al., 2009) but lower than mean
glucose concentrations of the amniotic fluid (69 mg/dl) reported for cats at 60
days of pregnancy (Fresno et al., 2012). Although no differences were found de-
pending on maternal parity and Apgar score, median glucose concentrations of
the amniotic fluid were, surprisingly, significantly higher (P < 0.05) in male than
in female puppies (25 vs. 15 mg/dl, respectively). Such a difference has not been
reported in humans and was not investigated in cats by Fresno et al. (2012), and
by Groppetti et al. (2015) in newborn dogs. Koski and Fergusson (1992) reported
that amniotic fluid glucose concentration might predict metabolic maturity; so, as
in the present study all the newborns were healthy and viable, and survived at
24 h and at 7 days of age, it seems possible to suggest that female puppies could
be considered to have ‘lower’ metabolic maturity than males.

The overall median lactate concentration of the amniotic fluid (72 mg/dl)
was slightly higher than that reported for humans during normal labour (7.1 +
1.45 mmol/L, corresponding to 64 + 13.06 mg/dl) (Korenovsky et al., 2013), but
lower in comparison to data (12.5 mmol/l, corresponding to 112.6 mg/dl) report-
ed for late-pregnant cats by Fresno et al. (2012). The amniotic fluid lactate con-
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centrations were also studied in horses (Pirrone et al., 2012), and the mean con-
centrations reported for foals born from spontaneous eutocic parturition were
higher (14.47 mmol/L, corresponding to 130.36 mg/dl) in comparison to data ob-
served in the present study in dogs born by elective Caesarean section. The lower
amniotic fluid lactate concentrations observed in the present study in dogs in
comparison to data reported for horses were, however, not unexpected. In fact, in
the present study, dogs were subjected to elective Caesarean section before the
start of labour, while data reported for horses were obtained in amniotic fluid
samples collected during spontaneous parturition, when foaling had already
started. However, it is interesting to note that the amniotic fluid lactate concen-
trations in dogs were slightly higher than data reported for women during normal
labour, suggesting, besides a species-specific effect, also an effect played by the
type of parturition. The mean lactate concentration of the amniotic fluid in pup-
pies born by elective Caesarean section, as reported by Groppetti et al. (2015)
(8.7 = 3.4 mmol/l, corresponding to 78 £+ 30.6 mg/dl), was very similar to the
median values found in the present study. In horses, a negative correlation was
found between amniotic fluid lactate concentrations and parity. In the present
study, no effects of maternal parity, newborn gender and Apgar score on lactate
concentrations of the amniotic fluid were found.

The overall median creatinine concentration was 1.7 mg/dl, very similar to
data reported in humans under normal conditions (1.9 + 1.5 mg/dl) (Cherry et al.,
1969), but lower than creatinine concentrations demonstrated by Fresno et al.
(2012) for cats at 60 days of pregnancy (< 10 mg/dl). Creatinine output is re-
garded as a good indicator of renal function and glomerular filtration rate, and its
reduced concentration in human amniotic fluid is associated with maternal diabe-
tes mellitus and toxaemia. In the present study, the CREA concentrations of the
amniotic fluid were supposedly related to the presence of fetal urine also in the
amniotic compartment, due to the final intrauterine development of the urinary
system and the deviation of fetal urine from the allantoic sac toward the amniotic
compartment through the urethra as the urachus is progressively occluded (Fres-
no et al., 2012). However, the percentile values seem to suggest that, based upon
the results of the present study, a rather wide range of CREA levels in the amni-
otic fluid should be regarded as indicative of normal maternal and fetal condi-
tions in dogs. Unfortunately the statistical analysis failed to detect differences in
creatinine concentrations of the amniotic fluid according to maternal parity,
newborn gender and Apgar score, and therefore other parameters should be in-
vestigated in order to determine the factors that could contribute to this wide
range of normal CREA concentrations of the amniotic fluid in dogs.

According to Torrance et al. (2013), the lactate concentration of the amni-
otic fluid was normalised by the calculation of the L/CREA ratio to enable a bet-
ter evaluation of fetal lactacidaemia. In the present study, the overall L/CREA ra-
tio was 41, and no significant difference was found according to newborn gender
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or Apgar score. As expected, also this ratio showed a rather wide range of per-
centiles and, as a consequence, a wide range of normality. A higher L/CREA
median ratio in the amniotic fluid collected from puppies born by multiparous in
comparison to primiparous bitches (46 vs. 25, respectively) was found, but the
biological meaning of this finding deserves further investigations.

In conclusion, data from the present study show that, in purebred small-
sized dogs, amniotic fluid glucose concentrations could represent a suitable pa-
rameter for the identification of puppies at risk of death within 24 h after birth,
while lactate and creatinine concentrations and the lactate to creatinine ratio do
not seem to play a relevant role. Within the group of normal, surviving puppies,
lower amniotic glucose concentrations were found in female than in male pup-
pies, while a higher lactate to creatinine ratio was found in the amniotic fluids of
puppies born by multiparous bitches compared to those delivered by primiparous
dams. However, the wide ranges observed for each parameter, suggesting a wide
inter-individual variation, require further investigation to identify the factors af-
fecting this wide range of normality.
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