Camassa et al., J Vet Sci Med Diagn 2019, 8:1

Journal of
Veterinary Science &
Medical Diagnosis

Research Article

Capillary Electrophoresis of
Serum Proteins across the
Lifespan and Different Metabolic
Stages in Sheep

José A Camassa', Camila C Diogo', Marilia de A Bonelli?,
Paula B Simodes?, Augusto S Silva®, Amélia M Silva*, Jorge T
Azevedo®’, Carlos A Viegas's and Isabel R Dias"*

Abstract

In recent years, sheep have been used extensively in animal and
veterinary sciences research and also as a large animal model
for pre-clinical and translational research due to similarities with
humans. The objectives of this study were the characterization
and evaluation of the serum concentration of total protein and their
fractions, as determined by free-solution capillary electrophoresis in
ewes of different ages and physiological states. For that purpose, 80
ewes were divided according to age or physiological state in eight
groups. Blood samples were drawn during the same season and in
the same flock, and serum protein electrophoresis was performed by
an automated system. There were significant differences between
the reference range of different ages, for total protein, albumin,
alpha 1 and alpha 2, and gamma globulins. Physiological states
showed significant differences between dry and lactation groups
for total protein and beta globulin values. Total protein and protein
fractions gradually increased across the lifespan, and decreased
after 8 years of age. The knowledge obtained via this study help
validate the influence of age and physiological states on serum
protein variability, which could be used for diagnostic and research
purposes.
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Introduction

Sheep have been used as an animal model in human and veterinary
research mainly due to the widespread acceptance of their use as a
large animal experimental model for pre-clinical and translational
studies, and their low cost, easy housing and handling, and availability
[1]. The Churra-da-Terra-Quente is a typical sheep breed from the
northeast of Portugal. This autochthonous breed is well adapted to
wide seasonal variation and it provides high quality milk for Terrincho
cheese and also lamb meat [2]. The ovine species has a great diversity
of breeds that are consequently allocated in varying climates and with
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different nutritional support. It is therefore difficult to establish blood
reference values, such as total protein and electrophoretic serum
protein fraction profile, for this species [3].

Protein electrophoresis is a standard method for fractionation
and quantification of the serum proteins, and it has become a routine
analysis in human clinical diagnosis. It has not been commonly used,
however, in veterinary routine profiles. Serum protein electrophoresis
can be an important and useful tool in flock veterinary medicine due
to the correlations that can be made between protein profile changes
and several pathologies. The protein fractions are basically grouped
into five fractions; albumin and globulins (alpha-1, alpha-2, beta,
and gamma). Protein fractions are responsible for several crucial
functions. Albumin, for instance, is osmotically active, and is essential
for maintaining intravascular colloidal pressure, as well as for
nutrition of the body (since it contains essential amino acids), and
is also a carrier for many substances (e.g. fatty-acids, calcium ions,
drugs). Alpha, beta, and gamma globulins are responsible for immune
responses (e.g. immunoglobulins or antibodies), for inflammatory
response, for the transport of molecules (e.g. cholesterol, iron,
vitamins, hormones); and fibrinogen is involved in hemostatic and
fibrinolytic processes in plasma protein electrophoresis [4].

Concerning the standardization of serum protein profiles, several
factors may influence the creation of a reference range. Considering
the possible intra-species variability, whether due to gender, age,
physiological state, or breed, the interval could be wider than that
seen in the literature [5-7]. Therefore, a detailed knowledge of this
interval could help farmers minimize financial losses by knowing the
nutritional requirements of the animals and also provide researchers
with more reliable numbers [8].

Age [9] and physiological state [6] are important factors when
analyzing an animal’s protein profile since these variables may affect
the concentration of serum protein fractions. The reported variation
in ruminants, such as buffaloes [7] and calves [5], show that protein
patterns can be influenced by age, as well as pregnancy and lactation,
where metabolic functions vary considerably due to demands of the
fetus or milk synthesis, which could affect blood serum chemistry
values [6,10].

Capillary electrophoresis is an advanced method compared
to other conventional electrophoretic methods such as cellulose
acetate or agarose gel, due to multiple factors, including ease, high
speed, and high resolution separations, fully automated process and
detection methods (based on analytic nature) that facilitates obtaining
an analysis in a short period of time [11]. In this technique, lateral
diffusion is minimized (as glass capillaries used usually have internal
diameters of 200-500 um), and there are temperature differences
between the center of the capillary and the walls [11].

Only a few studies have described reference values for the
ovine species, and some of these studies did not consider age and
physiological state as factors leading to variation. Therefore, the main
purpose of the present study was to characterize the physiological
serum protein electrophoretic pattern for Churra-da-Terra-Quente
sheep, and to describe the variation among different ages and
physiological states such as lactation, gestation, and dry periods.
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Materials and Methods
Animals

Eighty ewes (Churra-da-Terra-Quente sheep) from the same
flock, located in Carrazeda de Ansides, a municipality in the district
of Braganga, in northern Portugal, were used. These animals were
chosen from the flock based on their age or physiologic state and
divided into 8 groups of 10 animals each. The groups were as follows:
6 months old, 1 year old, 2 years old, 3 to 5 years old (no pregnant or
lactating ewes), 3 to 5 years old ewes with 2 or 3 months of pregnancy,
3 to 5 years old ewes with 2 or 3 months of lactation, 6 to 8 years old,
and the last group with animals over the age of 8 years. The ewes were
kept in a natural pasture during the day and housed overnight. The diet
was composed of grass hay, supplemented with 0.250 kg of concentrate
feed per animal per day, and water provided ad libitum. Dry matter and
chemical composition of grass hay is made up of dry matter per kg feed
(88.5 g), ash per kg dry matter (5.9 g), neutral detergent fiber per kg (73.3
g) dry matter and crude protein per kg dry matter (6.1 g). Dry matter and
chemical composition of feed concentrate is made up of dry matter per kg
feed (90.4 g), ash per kg dry matter (8.5 g), neutral detergent fiber per kg
dry matter (31.6 g) and crude protein per kg dry matter (20.7 g).

All animal handling practices followed Directive 2010/63/EU of
the European Parliament and of the Council on the protection of
animals used for scientific purposes.

Blood sampling

Blood was drawn in December, during the Northern hemisphere
winter. Blood samples were drawn from the jugular vein and placed
into serological tubes (S-Monovette®, SARSTEDT, Niimbrecht,
Germany). Blood collection took place between 9:00 a.m. and 10:00
a.m., and the blood was immediately carried in a thermal box to the
laboratory facilities. Blood was centrifuged (3000 rpm for 10 min) and
the serum was stored in Eppendorf tubes at —20°C until analysis.

Determination of total protein

The biuret method was used for quantitative determination of
total protein concentration in serum using an automated analyzer
(Mindray BS-380; Shenzhen Mindray Bio-Medical Electronics,
Nanshan, China).

Separation of serum proteins by capillary electrophoresis

Electrophoresis was performed using an automated system
(Capillarys 2; SEBIA, Paris, France) according to the procedures

described by the manufacturer. The electrophoresis system uses the
principle of capillarity in free solution to allow multiple simultaneous
analyses. Electrophoretic mobility occurs due to charged molecules
that are separated with the aid of an alkaline buffer. The pH of the
electrolytes and the electro-osmotic flows are responsible for this
separation.

Statistical analysis

Serum protein fractions and total protein values are presented as
mean + standard deviation (SD) and median + interquartile range
(IQR). Statistical normality was checked using the Shapiro-Wilk
test of all groups. ANOVA and the post-hoc Tukey test were used
for data with normal distribution. The Kruskal-Wallis test was used
for testing the non-parametric statistical hypothesis and the Kruskal-
Wallis pairwise method for multiple comparisons. Statistical analyses
were performed using SPSS software (version 23.0, SPSS, Inc., IBM
Company, NY, USA). The level of significance was set at p < 0.05.

Results

Table 1 shows mean values + SD and median values + IQR for
studied parameters across different ages. ANOVA and the post-hoc
Tukey test showed a significant difference (p<0.001) between age
groups “6-8 years” and all others, except “3-5 years”, for total protein
values (Figure 1A, Table 1), with the “6-8 years” group having the
highest values, and a significant difference (p<0.01) between the “6-8
years” group and the other age groups for gamma globulin (Figure 2B).
Regarding albumin (Figure 1B), we observed a similar significance as
that observed for total protein, with the highest values seen in the
“6-8 years” group (Table 1), but there was no significant difference
(p>0.05) between the different age groups for albumin/globulin
ratio (Figure 2C). The Kruskal-Wallis test and pairwise method did
not show a significant difference (p>0.05) between the groups with
different ages for beta globulin (Figure 2A). Alpha-1 (Figure 1C) and
alpha-2 globulins (Figure 1D) presented a significant difference along
the lifespan (p<0.01 and p<0.05, respectively).

Regarding the analyses for the groups with animals between 3
and 5 years of age in different physiological phases, Table 2 shows
mean values + SD and median * IQR for the parameters in this study.
ANOVA and post-hoc Tukey test showed a significant difference
(p<0.05) between the different physiological states for total protein
(Figure 3A). Albumin (Figure 3B), alpha-1 (Figure 3C), alpha-2
globulins (Figure 3D), and albumin/globulin ratio (Figure 4C) did
not present a significant difference (p>0.05). Kruskal-Wallis test and

Table 1: Values for the studied parameters across the life-span in sheep.

Parameters (g/dL) 6 Months 1 Year 2 Years 3-5 Years 6-8 Years >8 Years

Total Protein 5.42 + 0.56° 5.64 £ 0.85 6.85+1.14 5.84+0.43 7.99 + 0.55° 5.20 £ 1.53°
Albumin 2.54 £ 0.45° 2.84+£047 3.20+0.38 2.78+0.28 3.60 £+ 0.387 2.20 + 0.64°
Alpha-1 globulins 0.16 + 0.04° 0.15 £ 0.03° 0.23 £ 0.04 0.17 £0.01 0.21 £ 0.04¢ 0.12 + 0.06°
Alpha-2 globulins 0.15+0.02 0.15 + 0.06 0.22 £ 0.05 0.18 £ 0.01 0.22 +£0.01 0.13 £ 0.08°
Beta globulins 0.79 £0.30 0.80 + 0.26° 1.07 £ 0.45 0.90 + 0.06 1.12+£0.08 0.87 £0.32
Gamma globulins 1.54 + 0.38 1.54 + 0.28° 1.88 +1.06 1.84 +0.33 2.84 £ 0.51a¢ 1.67 £ 0.82
Albumin/ Globulin Ratio 0.91+0.26 1.02+0.12 0.92+0.20 0.92+0.13 0.83+£0.14 0.82+0.18

2Vs 6 months, 1 year, 3-5 years and >8 years
®Vs 1 year

°Vs 2 years

4Vs >8 years

Total Protein, albumin, alpha-1, beta and albumin/globulin Ratio have Mean + SD; alpha-2 and Gamma globulins have Median + IQR displayed

Letters represent significant difference between groups for a same parameter (p<0.05)
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Figure 1: Box plot presentations of serum concentrations of total protein and protein fractions by age. (A) Total Protein presented significant difference
between 2 years vs. 6 months (p<0.05) and >8 years (p>0.01), between 6-8 years vs. 6 months (p>0.001), 1 year (p>0.001), 3-5 years (p>0.001), and >8
years (p>0.001). (B) Albumin presented significant difference between 2 years vs. 6 months (p>0.05) and >8 years (p>0.001), between 6-8 years vs. 6
months (p>0.001), 1 year (p>0.01), 3-5 years (p>0.01), and >8 years (p>0.001). (C) Alpha-1 globulins presented significant difference between 2 years vs.
6 months (p>0.01), 1 year (p>0.01), and >8 years (p>0.001), and between 6-8 years and >8 years (p>0.001). (D) Alpha-2 globulins presented significant
difference between 1 year and >8 years (p<0.05). Outliers are identified with small circle for out values and star for extreme values.
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pairwise method showed a significant difference (p<0.05) between the
different physiological states for beta globulins (Figure 4A), but there
was no significant difference in gamma globulins (Figure 4B).

Discussion

The aim of our study was to determine the reference range
for serum total protein and the corresponding protein fractions
through electrophoresis analysis over the lifespan and different
physiological stages in sheep. There are few scientific reports
analyzing these protein fractions in sheep and there are no
reports concerning the influence of age and physiological phases
on protein fraction variations in sheep using the capillary
electrophoresis method.

Evaluation of serum proteins and their electrophoretic pattern
may be an important tool for diagnosing many diseases and metabolic
states in veterinary medicine since this is an established method for
clinical diagnosis in humans. The importance of a larger reference
range, which considers not only the species, but other important
factors, such as age and physiological state, enables a reduction of
false positives in the diagnosis of pathologies.

Characterization of the electrophoretic pattern for sheep
presents some obstacles, such as a wide variety of breeds, varying
ages, physiological states, electrophoresis methods, and possibly
also gender differences, which were not the focus of this study.
These obstacles indicate that further similar studies are needed for
establishing a more reliable range for serum protein values for the
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Figure 2: Box plot presentations of serum concentrations of total protein and protein fractions by age. (A) Beta globulins, there was no significant
differences between groups. (B) Gamma globulins presented significant difference between 1 year and 2 years (p>0.05), and between 6-8 years vs. 6
months (p>0.001), 1year (p>0.001), 2 years (p>0.05), 3-5 years (p>0,01), and >8 years (p>0,01). (C) Albumin/Globulin Ratio, there was no significant
differences between groups. Outliers are identified with small circle for out values and star for extreme values.
Table 2: Values for studied parameters per physiological stage in sheep.
Parameters (g/L) Gestation Lactation Dry
Total Protein 6.32 £ 0.59 6.62 + 0.86° 5.84 £0.43
Albumin 2.86 +0.23 3.09 £ 0.47 2.78+0.28
Alpha-1 globulins 0.19 £ 0.01 0.19 £ 0.02 0.17 £ 0.01
Alpha-2 globulins 0.15+0.05 0.15+ 0.06 0.14 £ 0.04
Beta globulins 0.94 £ 0.09 1.14 £ 0.232 0.90 + 0.06
Gamma globulins 214 +£0.74 2.04 £0.39 1.84 +0.33
Albumin/ Globulin Ratio 0.84 £0.12 0.88+£0.10 0.92+0.12
aVs dry
Total Protein, Albumin, Alpha-1 and 2, Albumin/ Globulin Ratio have Mean + SD;
Beta globulins, Gamma globulins have Median + IQR
Letters represent significant difference
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Figure 3: Box plot presentations of serum concentrations of total protein and protein fractions by physiologic stages. (A) Total Protein presented significant
difference between lactation and dry groups (p<0.05). (B) Albumin, there was no significant differences between groups. (C) Alpha-1 globulins, there was
no significant differences between groups. (D) Alpha-2 globulins, there was no significant differences between groups. Outliers are identified with small
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species. In this study, the variation in protein bands between different
ages and physiological states represents the difficulty in obtaining a
range of values for ovines. Serum protein electrophoretic pattern for
Merino sheep at the age of 2-4 years old determined by [12], however,
the data presented by those authors do not correspond to the results
obtained in the present study. This might be due to multiple factors,
such as type of electrophoresis method used [13], the different breed,
and management conditions, such as feeding.

In the present study, serum total protein was found to be within
the reference range (60 - 79 g/L) published by [14], except for the 6
months old age group, which presented a slightly lower value.

The reference range of albumin presented by [14] was 24 - 30 g/L,
and in the present study, only the “6-8 years” old age group presented

values outside that range. However, the range of values published by
[12] for serum total protein, albumin, and beta and gamma globulin
in Merino sheep (ages between 2-4 years old), were similar to those
we encountered. Nevertheless, [12] reported higher values for alpha-1
and alpha 2 globulins in comparison with our study.

Regarding the analysis of the serum protein bands and total
protein with respect to the different age groups, only beta and
albumin/globulin ratio did not show statistical difference, with clear
interference of age in the reference values for sheep, mainly evidenced
by the highest values found in the “6-8 years” old age group.

In relation to the oscillation of values between different ages,
with increasing values along the sheep lifespan until the “6-8 years”
old age group and a decrease in the 8 years old age group for serum
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Figure 4: Box plot presentations of serum concentrations of total protein and protein fractions by physiologic stages. (A) Beta globulins presented
significant difference between lactation and dry groups (p>0.01). (B) Gamma globulins, there was no significant differences between groups. (C) Albumin/
Globulins Ratio, there was no significant differences between groups. Outliers are identified with small circle for out values and star for extreme values.

total protein, albumin, and beta and gamma globulins. This fact
may be directly related to a continuous increase in serum protein
parameters with age. Another author Ahmadi et al. [15] has also
described this finding in other species, that is, higher values for adults
in comparison with young individuals. However, the “3-5 years” old
age group showed lower values than the 2 years old age group, with
no explanation for this reduction.

During gestation and lactation, the mother organism undergoes
physiologic changes [6,10] the role of serum proteins during these
phases is directly linked to productive performance and consequently
to economic profit or loss. Analyzing the different protein bands
in the different physiological stage groups, only the total serum
proteins and beta globulins presented significantly different values
(p<0.05 and p<0.01, respectively) between dry and lactation groups.
The high serum protein value in the lactation group is probably
due to the need for a large protein supply for milk production. Beta
globulins presented the same variation as the total protein, with
values increasing from dry to pregnant states, and also increasing

from pregnant to lactating ewes, and decreasing from the lactating
to the dry ewes. However, the results reported by Piccione et al. [6]
in Comisana ewes, with 3 + 0.6 years old, reported slightly higher
values for total protein during pregnancy, but similar for dry and
lactation. We were unable to compare our findings to [6] for beta-
1 and beta-2 globulins since we did not obtain these electrophoretic
bands, possibly due to variation in electrophoresis technique.

Analysis of different physiological states showed beta globulins
and serum total protein with significant difference between dry and
lactation states, nevertheless, a detailed month-by-month analysis
would likely result in more accurate values. Nevertheless, our study
confirmed the influence of the different physiological phases on
protein metabolism in ewes.

The values collected from the different physiological stage groups
remain within the range of values of the different age groups along
lifespan. Therefore, during the formation of a general reference
interval for the sheep, the different physiological stages should not
influence this range.
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Nevertheless, the presented data on the different physiological
stages become an important financial tool to curb the excess or lack of
protein in the feeding of sheep during different phases of their lives,
leading to an increase in profit.

During the comparison of conventional electrophoresis
methods for serum protein band assessment, agarose gel has been
considered more accurate than cellulose acetate due to the relatively
neutral characteristic of agarose, the minimal electroosmotic flow,
the porosity, and the optical clarity [16]. However, the capillary
electrophoresis method compared with agarose gel presents
advantages such as higher sensitivity, full automation, ease of use, and
rapidity; on the other hand, it has lower specificity [17]. Advantages
seen with the capillary method may increase its use, thus requiring
new reference profiles to take into account the variation that could
occur in the results obtained using agarose gel or cellulose acetate for
capillary electrophoresis [13].

Another important factor that was not evaluated in this study is
the influence of diet. Although concentrate has a fixed nutritional
value for protein, the use of grass hay needs a deeper analysis because
it does not present a fixed value during the entire year, with higher
values near the winter [18]. Therefore, future studies could investigate
the influence of feeding compared to other factors, such as age and
different physiological stages.

Conclusion

The results presented herein provide a variety of values detailing
the serum protein profile of sheep of the Churra-da-Terra-Quente
breed across its lifespan and different physiologic stages. This
information may be a useful tool not just in animal and veterinary
studies, but also in pre-clinical and translational research studies.
Further studies are necessary to establish if there are significant
variations between sheep breeds and thereby form a more reliable
reference range for serum protein values and pattern in the ovine
species.
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