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Abstract. The aim of this study was to evaluate the changes of serum total proteins, albumin, «1-, @2-, 81-, 82
and y-globulins in growing foals during the first month of life. Nine clinically healthy foals (five females and
four males, mean body weight 39.00 & 3.50 kg) were enrolled in the study. From each animal, blood samples
were collected by jugular venipuncture every 3 days during the first month of life starting from the day of
birth. Serum concentration of total proteins, albumin, o1, «2, 81, 82 and y-globulins was assessed. One-way
repeated measures analysis of variance (ANOVA), followed by Bonferroni post hoc comparison test, was used to
determine statistically significant effect of the day of life on studied parameters. A statistically significant effect
of the day of life on serum total proteins (P <0.0001), albumin (P <0.0001) and y-globulins (P <0.005) was
observed during the first month of life. Our findings emphasize the importance of establishing different reference
intervals for serum electrophoretic protein profiles in growing foals based on their physiological status.

This study provides useful information that could help clinicians to better interpret clinical data and diagnose

equine neonatal disease.

1 Introduction

The neonatal period is a transitional phase between the foetal
and newborn periods during which homeostatic mechanisms
complete their maturation, allowing the foal’s adaptation to
extra-uterine life (Rossdale, 2004). The major adaptation of
the newborn is the change from placental nutrition to al-
imentation. At birth, the oral nutrient intake becomes the
sole source of nutrition; the colostrum’s intake shortly af-
ter birth is critical for newborn survival as it ensures the
transfer of passive immunity (Knottenbelt et al., 2004). The
composition of the mammary secretion changes considerably
with time (Oftedal et al., 1983) and in the first hours after
birth the colostrum is rich in proteins represented mainly
by immunoglobulins (Ig). For species having an epitelio-
choral placenta, such as horses, the process of Ig transfer
from the mother’s colostrums is of paramount importance for
the survival of newborn. Effectively, neonatal foals are hypo-
immunecompetent at birth and are characterized by a small
store of energy for heat production and metabolism (Sjaastad
et al., 2003; Curcio and Nogueira, 2012).

Total proteins contribute largely to neonate immunity and
growth because of immunoglobulin content. Wide variations
in the serum levels of total proteins and their fractions were
showed during the first year of life in newborn animals (Sato
et al., 1979; Bauer et al., 1985; Piccione et al., 2009, 2013a,
b).

Some authors have shown that at birth, serum protein
levels are quite low due to the minimal quantities of im-
munoglobulins and low albumin (Sato et al., 1979). There-
fore, the newborn is in a metabolically unstable condition
that makes it particularly sensitive to perinatal period dis-
eases resulting in high mortality (Fowden et al., 2012).

It is known that a substantial proportion of neonatal dis-
eases or deaths could be prevented by good management
techniques, early intervention and diagnosis of situations that
involve high risk for the newborn, such as the non-early ap-
proach and the dam’s suckling of the foal (Knottenbelt et al.,
2004). Moreover, detailed blood and biochemical serum ref-
erence ranges could help clinicians to better interpret clinical
data and neonatal diseases and, therefore, they may be ap-
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Table 1. Mean values & SD (standard deviations) of serum total proteins, albumin, globulins and A / G Ratio levels in nine growing foals

during the first month of life.

Serum parameters Day 1 Day 3 Day 6 Day 9 Day 12

Day 15 Day 18 Day 21 Day 24 Day 27 Day 30

Total proteins (gdL~1) 45240.27 556+0.431 558+048! 582+034' 6.15+0.65!
2294009 292+038! 295+035! 29740391 2,96+ 0561

Albumin (gdL~1)

a1-Globulins (gdL=1) 0164006 0184003 0194004 019+£004 019005
a2-Globulins (gdL=1) 0554019 0534016 0544025 058+007 0.69:0.20
p1-Globulins (gdL=Y) 0514006 054+£014 0564019 066+0.14 0.67+0.17
B2-Globulins (gdL~Y) 0394019 0304015 0354003 0364007 0.35+002
y-Globulins (gdL=1) 0634020 1.10£031 0994019 1074042 12940463
A/ G ratio 1054019 1114015 1154024 1064024  0.94+020

566+0451 595+0561 590+0371 61740390 6.14+0401 6.60+0.421-2
29740451 3.03+0471 313+£032' 3.09+0550 31140270 3.32+0.23!

0.19+0.02 0.194+0.04 020+£0.05 020£0.03 02040.03 0.20+0.05
0.62+0.05 0554+0.13 057+£013 0.67+£0.10 066+0.08 0.63+0.08
0.65+0.19 0.75+£0.19 0714+020 071+£021 0.78+023 0.73+0.23
0.34+0.07 035+0.12 0484015 037+£0.07 033+£005 043+0.22
0894029 109+051 081+018 1134031 1064031 1.29+0.393
112+021 1.06+023 1134011 1.03+029 1.03+0.11 1.03+0.22

Significance: 1 vs. day 1 (P <0.0001); 2 vs. day 3, day 6 (P <0.001), day 9 and day 15 (P <0.05); 3 vs. day 1 (P <0.01).

plicable to the study of preventive medicine (Aoki and Ishii,
2012).

In this study the changes of serum total proteins, albumin,
al-, a2-, B1-, B2 and y-globulins were evaluated during the
first month of life in foals in order to enhance the knowl-
edge of dynamic homeostatic processes of the serum elec-
trophoretic protein profile occurring during the early period
of extra-uterine life.

2 Material and methods

Nine Italian Saddle breed foals (five females and four males;
body weight at birth 39.00 &+ 3.50 kg) coming from the same
breeding centre located in Sicily (37.46° N, 14.93° E) were
enrolled in the study with the informed owner consent. All
foals were born full term in spring and were kept in box with
their mother under natural environmental conditions (Min
Temperature of 8.5°C; Max Temperature of 20.4°C; Rel-
ative Humidity of 68.2%). The foals were feed only with
colostrum and maternal milk.

At birth, each foal was subjected to clinical examination
(heart rate, respiratory rate, rectal temperature) and routine
hematology and plasma biochemistry testing. All the foals
were considered healthy and included in the study.

The same operator performed blood sampling on each foal
by jugular venipuncture into vacutainer tubes (Terumo Cor-
poration, Tokyo, Japan) without anticoagulant agent every 3
days starting from day 1 (after colostrum intake), until day 30
of life. Following standing at room temperature for 20 min,
the tubes were centrifuged at 3000 rpm for 10 min and the
obtained sera were stored at —20 °C until analysed. The con-
centration of serum total proteins was determined by biuret
method using an automated analyser UV Spectrophotome-
ter (SEAC, Slim, Florence, Italy). The serum protein frac-
tions were determined using an automated system (Sel Vet 24,
SELEO Engineering, Naples, Italy) according to the proce-
dures described by the manufacturer and previously used for
horses (Alberghina et al., 2013). The major protein fractions
revealed were albumin, «1-, «2-, 81-, 82- and y-globulins.

Protocols of animal husbandry and experimentation were
reviewed and approved in accordance with the standards rec-
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ommended by the Guide for the Care and Use of Laboratory
Animals and Directive 2010/63/EU for animal experiments.

Statistical analysis

The statistical elaboration of the data for each parameter was
based on the average values obtained.

Data were normally distributed (P >0.05, Kolmogorov—
Smirnov test).

One-way repeated measures analysis of variance
(ANOVA), followed by Bonferroni post hoc compari-
son test, was applied to determine the statistical effect of
day of life on studied parameters. P values<0.05 were
considered statistically significant. Data were analysed using
the software STATISTICA 7.5 (Statsoft, Inc., Tulsa, OK,
USA).

3 Results

Table 1 shows mean values =+ standard deviations (SD)
of serum total proteins, globulin fractions and al-
bimin / globulins ratio (A /G) obtained from foals during
the first month of life.

One-way ANOVA revealed a statistically significant effect
of the day of life on serum total proteins (P <0.0001), al-
bumin (P <0.0001) and y-globulins (P <0.005) during the
first month of life.

In particular, serum total proteins and albumin showed the
lowest levels at day 1 followed by a gradual increase until
day 30.

y-globulins showed significantly higher levels in days 12
and 30 with respect to day 1.

No statistical significant effect of the day of life (P >0.05)
on al-globulins, a2-globulins, B1-globulins, g2-globulins
or A /G ratio was observed during the experimental period

(Fig. 1).

4 Discussion

The evaluation of serum protein profile is an important diag-
nostic aid in clinical biochemistry. Abnormalities of serum
protein profile must be interpreted in light of the many phys-

www.arch-anim-breed.net/58/123/2015/



M. Quartuccio et al.: Serum total proteins

s

Significance of Time: P<0.0001 —=&— Serum Total Proteins

—o— Albumin

)

)

z i 1 z

bt

£ 5 S

& E

= ¥ T - - _ - 5
T I I SR WS S S &

g —3— V g g

5 ! I L =

z B £

3

s

Days of life

—=— 0. 1-Globulins
—0— 0.2-Globulins

No Significance of Time: P>0.05

0.4

p A S S

al-Globulins (g/dL)
5
(1p/3) sutnqojn-z0

s ———

Y X

0.0 T T T T T T T T T T T 0
1 3 6 9 12 15 18 21 24 27 30

Days of life

—=— B1-Globulins
o B2-Globulins

No Significance of Time: P>0.05

B1-Globulins (z/dL)
(1p/3) sunqon-zg

Ed N >. = T > 5 1

2 ¢ % <

T R
—— <
= e

T T T T

1 3 6 9 12 15 18 21 24 27 30

Days oflife

—a—y-Globulins
—o— A/G Ratio

A: Significance of Time: P<0.005

a: No significance of Time P=>0.05

y-globulins (g/dL)
~
oney /v

Days oflife

Figure 1. The pattern of serum total proteins, albumin, «l1-, a2-,
B-, y-globulins and Ratio A / G observed during the first month of
life in nine growing foals.

iological influences, such as age and development, unasso-
ciated with disease (Kaneko, 1997). In the foetus, the con-
centration of total proteins and albumin progressively in-
creases while little changes in globulins and the absence of
y-globulins.

Serum total proteins, their fractions and A /G ratio ob-
tained in the present study were within the physiological
range suggested for foals (Knottenbelt et al., 2004). Accord-
ing to other authors (Knottenbelt et al., 2004; Alberghina et
al., 2013; Abeni et al., 2013), all serum protein electrophore-
tograms were characterized by the absence of a pre-albumin
region and by the presence of six different bands: albumin,
al-, a2-, B1-, B2- and y-globulins. Our results showed a
gradual increase of serum total proteins and albumin lev-
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els in the foals from day 1 to day 30 of life. Although no
statistically significant differences in «1-, «2-, 81- and g2-
globulins levels were found during the experimental period,
a slight increase of these electrophoretic parameters was ob-
served from the day 1 until the day 30 of life. Moreover, sig-
nificantly higher levels of y-globulins were found in days
12 and 30 with respect to day 1. According to other au-
thors (Brommer et al., 2001; Axon and Palmer, 2008; Curcio
and Nogueira, 2012; Piccione et al., 2013a, b), this finding
demonstrated that serum total proteins and their fractions are
involved in typical physiological and metabolic adjustments
to early postnatal development and growth as adaptive re-
sponse to various environmental factors after birth, including
nutrition. The levels of these parameters are closely related
to newborn ingestion of colostrum within the first hours of
life (Axon and Palmer, 2008; Curcio and Nogueira, 2012).

After the first colostrum intake, substantial amounts of
maternal proteins can be absorbed from the newborn’s in-
testine during the first 24 h. This passive maternal protein’s
transfer profoundly improves newborn immunity and growth
(Sjaastad et al., 2003). It is known that the immune sys-
tem in mammals is poorly developed at birth; thus newborns
are characterized by minimal quantities of immunoglobu-
lins (Bauer et al., 1985; Knottenbelt et al., 2004; Hurcombe
et al., 2012) and are dependent on antibodies transfer from
the mother through the colostrum (Bauer et al., 1985; Sjaas-
tad et al., 2003). The colostrum contains substances that
block trypsin’s action and exert a suppressive effect on the
foal’s endogenous immunoglobulin production (Giguére and
Polkes, 2005). As the maternal antibodies decline, due to
normal turnover, the foal should rapidly gain immunocom-
petence and begin to synthesize its own immunoglobulins,
reaching normal adult levels (Kaneko, 1997; Sjaastad et al.,
2003). According to Ulian et al. (2014), the results of the
present study highlight the foal’s early capacity of protein ab-
sorption from maternal colostrums and suggest an occurred
adaptive response of the foal to the extra-uterine life. In par-
ticular, the significantly higher levels of y-globulins starting
from day 12 suggested a possible activation of a foal’s im-
mune system. Essentially, it is known that antibodies pro-
duced by the foal’s own immune system are detectable at
10-14 days of age (Knottenbelt et al., 2004). Moreover, the
gradual increase of albumin, mainly produced in the liver, is
probably related with the development of this organ (Koterba
et al., 1990; Brommer et al., 2001). This confirms that ani-
mals’ organ functions are in a development phase during the
early neonatal period and a wide range of physiological val-
ues in different systems compensate for immaturity (Knot-
tenbelt et al., 2004; Piccione et al., 2006, 2009; Zumbo et al.,
2010).
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5 Conclusions

Serum total proteins and their fractions represent a tool
widely used by clinicians for the diagnosis and treatment of
neonatal diseases during the neonatal period. The findings of
the present study emphasize the importance of establishing
different reference intervals for these parameters in foals
based on their physiological status and provide useful
information that could help clinicians to better interpret
clinical data and diagnose equine neonatal diseases.
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