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SUMMARY

The objective of this study was to evaluate the electrophoretic pattern of serum proteins in dairy cows suffering from mastitis and metri-
tis, and to explore the influence of these inflammatory diseases on the concentrations of different serum protein fractions. 148 dairy
cows were enrolled in the study, including 23 cows with clinical signs of various inflammatory diseases metritis (n=13), mastitis
(n=10). The cows were of local breed and their crossbreeds at the different ages. 125 clinically healthy dairy cows were taken as
the control group. The cows were blood sampled for the determination of total serum proteins and serum protein fractions. The
separation of plasma proteins on an agarose gel using an alkaline buffer (pH 9.1) by electrophoresis in a semi-automatic system
(HYDRASYS). The protein fractions were divided into albumin, a.1-, ay-, , and y-globulins. Statistical analyses were expressed as
mean + standard deviation (SD). The Shapiro-Wilk test was used to check normality according to Kappes before performing parametric
tests such as Student T test and Analysis of variance. One-way nonparametric analysis of variance was applied to compare groups (Kruskal-
Wallis test), when the assumptions of one-way ANOVA were not met. In cows with metritis and mastitis significant changes for albu-
min (P <0.01) and, (P <0.05) for a,, at, TP (Total Proteins). Significant changes were found in the level of a,-globulins zone, similar changes
were observed also in the level of a,-globulins zone, with BCS (p value < 0,01). The low significant are found about f§ globulins with
others factors (F value <0,5), in opposite with y globulins, her level increased significantly with all factors (P value <0,1), espe-
cially with age (P value <0,001). The albumin to globulin ration being inversely proportional to globulin concentrations, this
resulted in a lower ration in sick cattle (P value <0,01), can serve as indicator to manage the transition period. Our results sug-
gest marked influence of mastitis and metritis diseases on the concentrations of serum protein fractions in dairy cows along with
age and BCS (body condition score). The results could be useful for veterinary practitioners in the early diagnosis in reproduc-
tive disorders such as metritis and mastitis.
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INTRODUCTION orders are generally associated with each other (6). On other
hand, serum protein electrophoresis is currently regarded as the
standard technique for fractionation of serum proteins in clin-
ical biochemistry, Its interpretation in combination with the data
collected for each individual has made it possible to confirm clin-

ically apparent cases and to discover other asymptomatic cases.

As in other African countries, the Algerian livestock produc-
tivity is low due to various constraints, such us infectious and
parasitic diseases, various reproductive disorders, quantitatively
and qualitatively poor nutrition, low genetic potential of na-

tive breeds, and traditional husbandry systems (1). Fertility re-
lated problems, both types of mastitis, and lameness are the three
most relevant production diseases in dairy cows (2). Uterine
inflammatory condition in bovine farms increase health
coasts, reduce food consumption, along with reducing milk pro-
duction and it is an important cause of early culling (3). It is
the most important postpartum disorder in dairy cattle (4).
Likewise, bovine mastitis is the most prevalent and relevant in
Algerian dairy cows, generating significant low profitability (5).
What makes the situation worse is that these reproductive dis-
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Serum protein electrophoresis as a practical tool for diagnosis in
rural medicine: the ease of its realization, the simplicity of its
method, the rapidity of its response (less than one hour), the qual-
ity of its information. The interpretation of the biochemical pa-
rameters measured can only be meaningful for an individual, (a
diagnostic choice, remains exclusively the domain of the clinician).
The study of the tracings allowed us to discover that elec-
trophoresis alone can provide an answer to a large number of clin-
ical diagnostic problems. Its interpretation in combination with
all the data collected for each individual allowed us to confirm clin-
ically apparent cases and to discover other asymptomatic cases (8),
It can provide important information for the diagnosis, prog-
nosis, monitoring of various diseases, Serum protein elec-
trophoresis has been studied in animals medicine, in partic-
ular for the clinical diagnosis of diseases characterized by dys-
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proteinemia (leishmaniasis, ehrlichiosis, feline infectious peri-
tonitis) or to identify the presence of inflammation. Many pro-
teins of the acute phase of inflammation, considered diag-
nostically important, migrate in this fraction. Alphal-antit-
rypsin, al-acid glycoprotein, al-antichymotrypsin, a1-keto-
protein, serum amyloid A, and a1 -lipoprotein have been iden-
tified in the al-globulin area, whereas haptoglobin, 02-mi-
croglobulin, a2-macroglobulin, ceruloplasmin, a2-antiplas-
min and a2-lipoprotein in the a2 globulin fraction (9). The
aim of this study was to determine the utility of electrophoresis

in describing and determining changes in protein fractions in
dairy cows affected by inflammatory diseases, including mas-
titis and metritis, compared to clinically healthy animals, to im-
prove health monitoring on a dairy farm, opposite than oth-
ers methods, which most used in the world like the somatic cell
count (SCC) and somatic cell score (SCS), (10). Our study also
provides information on the electrophoretic serum protein pro-
file of local breed cows and crossbreeds with European cattle
breeds including Holstein and Montbeliard, in the context of
Algerian farming.

Table 1 - Concentrations of total serum proteins, serum protein fractions, respectively, in healthy cattle, cattle suffering mastitis and metri-

tis (mean = SD).

Variables Healthy cattle (n=125) Sick cattle (n=23) p value
Mean SD Mean SD
TP(gr/l) 76.13710 18.50350 71.04167 11.96909 0.321
Alb(gr/l) 31.03040 7.897562 28.00667 7.435625 0.09068.
a1G(gr/l) 2.937339 1.859106 2.583750 1.608209 0.4283
a2G(gr/l) 8.121613 2.203964 7.605417 1.865268 0.2804
BG(gr/l) 6.404677 1.819585 6.359583 1.821546 0.9492
yG(gr/l) 27.55089 11.386268 26.48500 7.638249 0.7811
A to G Ratio 0.7474821 0.2451507 0.6836461 0.2215226 0.2514
Table 2 - Effects of the factors on Total serum protein, by Multivariable parametric ANOVA.
Levels Sum of squares Degree of freedom F value Pr(>F)
Age 18.288 6 3.2509 0.005512 **
BCS 1.341 & 0.4768 0.699044
Status 5.370 1 5.7274 0.018350 *
Age. * BCS 11.056 13 0.9071 0.548024
Age * Status 5.980 5 1.2756 0.279386
BCS * status 0.804 0.4287 0.652386
age * BCS * status 9.054 4 2.4143 0.052970 .
Residuals 105.946 113
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Figure 1 - Boxplots showing effects of age and reproductive disorders on total proteins.
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Table 3 - Effects of the factors on Albumin fraction by Multivariable parametric ANOVA.

Levels Sum of squares Degree of freedom F value Pr(>F)
Age 2.986 6 1.0827 0.377083
BCS 1.297 3 0.9404 0.423681
Status 3.611 1 7.8558 0.005963 **
Age. * BCS 9.333 13 1.5617 0.106805
Age * Status 9.728 5 4.2320 0.001454 **
BCS * status 0.789 2 0.8577 0.426861
Age * BCS* status 1.952 1.0618 0.378867
Residuals 51.948 113
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Figure 2 - Boxplots showing effects of age and reproductive disorders on serum albumin fraction concentration.
Table 4 - Effects of the factors on a1 Globulin fraction by Multivariable parametric ANOVA.
Levels Sum of squares Degree of freedom F value Pr(>F)
Age 3.278 6 1.7405 0.1179729
BCS 6.050 3 6.4257 0.0004665 ***
Status 0.530 1 1.6887 0.1964111
Age. * BCS 6.677 1k} 1.6365 0.0852748
Age * Status 0.514 0.3273 0.8956002
BCS * status 0.331 2 0.5277 0.5914230
Age * BCS* status 2.831 4 2.2548 0.0675742
Residuals 35.466 113

MATERIAL AND METHODS

Animals: 148 multiparous dairy cows are included for this study,
belonging to twenty-three breeding farms, were included. The cows,
of local breed and their crossbreeds, were from different age
categories and in different stages of lactation. The twenty-three
enrolled dairy farms represented different feeding and hus-
bandry systems, in order to get random sampling.

Collecting data: Information concerning each dairy cow, including
age in years, Body condition score (BCS) and clinical examination,
was carefully recorded in an Excel sheet, pending descriptive and
then inferential analyses. this study, the statistical unit was the dairy
cow. For each enrolled animals, serum protein fraction, albumin
and globulin were collected along with the clinical data. The BCS
was assessed according to Roche (11), and the cows were clini-
cally examined according to standard examination procedures.
Clinical examinations included the assessment of the overall health
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Figure 3 - Boxplot showing effect of BCS on a1 Globulin fraction
concentration.

status of the animals (food intake, behavior), inspection and record-
ing of body temperature, respiratory and pulse rates, and a de-
tailed evaluation of the organ systems (12). According to the clin-
ical findings, the cows were divided into the following groups:
cows with clinical metritis (n=10) with abnormal enlarged
uterus, obvious red-brownish watery or viscous off-white pu-
rulent uterine discharge, accompanied by foul odor; they
showed no signs of systemic illness within 21 days after parturi-
tion (12).

cows with clinical mastitis (n=13); the cows suffering from mas-
titis showed clinical signs such as redness, hardness, swelling and
pain in the udder, or changes in milk color, and presence of clots
in the milk (12). In three cases out of 13, the clinical bovine mas-
titis was associated either with hypo-calcaemia, retained pla-
centa or repeat breeding.

And then, 125 clinically healthy dairy cows without any signs
of diseases and in good general condition were taken as a con-
trol group.

Sample and sampling: After an initial clinical examination and

Table 5 - Effects of the factors on a2Globulin fraction by Multivariable parametric ANOVA.

Levels Sum of squares Degree of freedom F value Pr(>F)
Age 1.5779 6 1.8349 0.09848 .
BCS 0.0016 3 0.0038 0.99967
Status 0.3464 1 2.4170 0.12282
Age. * BCS 1.5719 13 0.8436 0.61356
Age * Status 1.0461 5 1.4598 0.20858
BCS * status 0.2744 2 0.9571 0.38709
Age * BCS* status 1.0973 4 1.9140 0.11292
Residuals 16.1956 113
Table 6 - Effects of the factors on § Globulin fraction by Multivariable parametric ANOVA.
Levels Sum of squares Degree of freedom F value Pr(>F)
Age 0.8833 6 1.2080 0.3074
BCS 0.0072 3 0.0197 0.9962
Status 0.1049 1 0.8610 0.3554
Age. * BCS 2.0632 13 1.3023 0.2219
Age * Status 0.9782 5] 1.6054 0.1643
BCS * status 0.3817 2 1.5662 0.2133
Age * BCS* status 0.9704 4 1.9907 0.1007
Residuals 13.7708 113
Table 7 - Effects of the factors on y Globulin fraction by Multivariable parametric ANOVA.
Levels Sum of squares Degree of freedom F value Pr(>F)
Age 17.284 6 3.1429 0.006908 **
BCS 1.772 3 0.6445 0.587969
Status 1.035 1 1.1288 0.290290
Age. * BCS 10.327 13 0.8667 0.589608
Age * Status 3.478 5 0.7590 0.581255
BCS * status 1.348 2 0.7353 0.481621
Age * BCS*status 10.872 4 2.9655 0.022624 *
Residuals 103.572 113
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Figure 4 - Boxplot showing effect of age on y Globulin serum pro-
tein fraction.

diagnosis, blood samples from the cows being evaluated are tak-
en from the jugular vein and collected from Vacutainer® tubes,
in a volume of 4 ml, for determination of total serum protein
concentrations and separation of serum protein fractions. The
samples are then placed in a cooler then centrifuged at 3000
rpm, for 10 minutes a ROTOFIX 32 A centrifuge (Hettich). The
serum/plasma was then frozen at - 4 ° C. The concentrations
of total proteins (TP, g/l) were determined according to the bi-
uret method on an automated biochemical analyzer Cobas 6000
(ROCHE) Designed by Hitachi High-technologies corporation.
The chemical reactions to obtain the dosage are adapted and
modified according to the requirements of the designer; as well
as all the pre-dosing steps (calibration and balancing). Zone
electrophoresis on agarose gel was used to separate serum pro-
tein fractions using an automated electrophoresis system Hydrasys
allowing the separation of plasma proteins on an agarose gel
using an alkaline buffer (pH 9.1) by electrophoresis in a semi-
automatic system (HYDRASYS). Normal serum proteins are
separated into five major fractions. The HYDRASYS system
makes it possible to carry out all the sequences until the gel is
ready for qualitative or quantitative analysis. The separated pro-
teins are stained with a solution of Amidoschwarz and the ex-
cess of dye is removed in acidic medium. Electrophoretic pro-
files are visually analyzed to detect abnormalities. Densitom-
etry gives a precise relative quantification of each individual-

ized zone (see appendix). The reading of the gel by densitometry
makes it possible to define the relative concentrations (per-
centages) of each fraction. The protein fractions were divid-
ed into the following bands: albumin, - and o,,- globulins, 3
globulins, and y-globulins. Each fraction was expressed accord-
ing to the optical density in absolute concentrations (g/1) cal-
culated from the concentrations of total serum proteins. The ra-
tios of albumin to globulins (A/G) were calculated also.

Statistical analyses : All obtained results were expressed as mean
+ standard deviation (SD). The Shapiro-Wilk test was used to
check normality according to Kappes (13) before performing
parametric tests such as Student T test and Analysis of variance.
One-way nonparametric analysis of variance was applied to
compare groups (Kruskal-Wallis test), when the assumptions
of one-way ANOVA were not met.

The five serum protein fraction concentrations (albumin, a1
and a2, B and g-globulins) identified and measured by elec-
trophoretic separation, along with total protein, were served
as quantitative response variables for testing hypothesis. The
main factor considered is especially the presence/absence of gen-
ital tract disorder (binary variable) and mammary inflam-
mation, such metritis, mastitis, repeat breeding or retained pla-
centa. The Tukey multiple-comparison test was applied for post
hoc comparison.

To be able to perform multifactorial analyses of variance, the
non-Gaussian distributed variables were transformed by the
square root function, rather than using Napierian logarithm
transformation, which would give negative values.

The age factor was divided into seven categories: two years, three
years, four years, five years, six years, seven and more than 7
years. The BCS factor (Body condition score), from 1 to 4, was
also taken into account.

Data were analysed using the R (14) statistical software (Ver-
sion 4.3.1).

RESULT AND DISCUSSION

The data referring to the relative and absolute concentrations of
serum protein fractions in cows during the evaluated period ex-
pressed as average values and standard deviations, including the
significance of differences in the results between the sample col-
lections are presented in Tables 1 to 8. Univariate statistical analy-
sis showed slight alterations in the serum protein profile of dairy
cows affected by mastitis and metritis (Table 1). However, mul-
tivariable analyzes (Tables 2 to 8) showed large, statistically sig-

Table 8 - Effects of the factors on Albumin to Globulin ratio by Multivariable parametric ANOVA.

Levels Sum of squares Degree of freedom F value Pr(>F)
Age 0.12589 6 1.0999 0.36687
BCS 0.06962 3 1.2166 0.30704
Status 0.02945 1 1.5437 0.21664
Age. * BCS 0.35045 13 1.4133 0.16397
Age * Status 0.22119 5 2.3191 0.04787 *
BCS * status 0.04560 2 1.1953 0.30642
Age *BCS* status 0.16743 4 2.1944 0.07406
Residuals 2.15545 113



6 Study the variation of serum protein electrophoresis in dairy cows affected by metritis and mastitis

nificant differences between the protein profile of diseased ver-
sus healthy dairy cows. This is why several factors must be tak-
en into account simultaneously, such as age, BCS, presence of
diseases, physiological status, etc., to avoid biased interpreta-
tion of the results. In the healthy cow, previously studies showed
that there are dynamic changes in the concentrations of serum
total proteins and in their electro- phoretic fractions in dairy cows
during the last week of pregnancy and early stages of lactation
(15). Indeed, the total serum protein is made up of numerous
protein fractions (16), and diagnostic information could be ob-
tained by detecting changes in the electrophoretic serum pro-
tein profile (17). The relative concentrations of all the separat-
ed protein fractions during the inflammatory diseases like metri-
tis and mastitis in cows (table 1), showed significant changes pri-
marily for albumin for o, globulin, o, globulin as well as Total Pro-
teins when data were analyzed by multivariate statistical methods (P
<0.01, P <0 .05 respectively). The level of albumin decreased sig-
nificantly for sick subjects, described in table 2 and it have sig-
nificant changes according to age and BCS (F value < 0,01). We
can explain this, because albumin is a negative marker for nu-
tritional status, when the animal is sick the consequence is the
appetite decrease, and then there is a direct impact for liver func-
tion, may be caused by its decreased synthesis in the liver and
increased utilization in the udder for lactation (18). Albumin
is considered as the best marker and fundamental element of
nutrition, it is the most abundant plasma protein and the ma-
jor component of fetal bovine serum, it is also the best indi-
cator of malnutrition (19). hypoalbuminemia can result from
an inflammatory process, liver or kidney failure, lower hemo-
globin levels, may therefore be caused by a lack of synthesis,
which may be an indication of severe hepatic disorders. How-
ever, hypoalbuminemia may result from renal leakage caused
by glomerulopathy. It may also be the result of severe inflam-
mation of the intestine leading to protein loss. Hypo-albu-
minemia is therefore not specific to liver disease. It is also not
very sensitive since it only appears at the end of the evolution
of a hepatic disease (20). Significant changes were found in the lev-
el of a,-globulins zone, similar changes were observed also in the
level of a,-globulins zone, with BCS (p value < 0,01). Similarly,
others authors found in dairy cows and ewes a trend of increas-
ing values of a-globulins during post- partum (21). The alpha frac-
tion includes many diagnostically important acute phase proteins.
Alpha, -antitrypsin, o, -acid glycoprotein and o, -lipoprotein have
been identified in the o;-globulin fraction, while haptoglobin,
a,-microglobulin, a,- macroglobulin, ceruloplasmin and o,-
lipoprotein in the a,-globulins fraction (22), The increases of
the alpha fractions are predominantly caused by increases in the
concentrations of these proteins, which may be related to in-
flammatory processes occurring in the urogenital system and
mammary gland (23). However, significantly lower levels of 3
globulins were recorded in diseased cattle specially when stud-
ied with others factors (P value <0,5) while y globulin levels
significantly increased, acting simultaneously with age and BCS
(P value <0.01), especially with age (F value <0,001). This con-
dition is may be associated with the transport of im-
munoglobulins from the blood stream (24). Both mastitis and
metritis are characterized by increased neutrophilic count and
reveals that the viability of the neutrophils showed prolonged
maintenance during mastitis and metritis (25), it’s a response
of the innate immune system. It is well known that the increases
of the alpha fractions are predominantly caused by increases in
the concentrations of these proteins, which may be related to

inflammatory processes occurring in the urogenital system and
mammary gland in the period after calving. However, we must
distinguish the variation of these concentration between healthy
and sick cows, the changes in the concentrations of some serum
proteins during the periparturient period should not be con-
sidered as a result of pathological processes (26). The albumin
to globulin ration being inversely proportional to globulin con-
centrations, this resulted in a lower ration in sick cattle (P value
<0,01), interacting especially with age, it was observed an in-
crease in mastitis and metritis occurrence as cows getting old-
er (27). Furthermore, albumin to globulin ratio can serve as
indicator to manage the transition period, which is crucial to
the profitability of dairy farming. Indeed, the fertility of
high-producing cows is compromised by drastic changes, ei-
ther metabolic, hormonal and physiological, during the tran-
sition period; with less consumption of dry matter and increase
in requirements to sustain production; what engenders weight
loss and body condition, in addition to an increase in the pres-
ence of anestrus, days per first heat, number of days open and
the number of services per conception (28), along with vari-
ous metabolic and infectious pathologies (29). The dry cow
management and nutrition have been the subject of much re-
search over the last 30 years, implementing many health and
nutritional strategies (30).

CONCLUSION

Significant alterations were found regarding electrophoretic
serum protein fraction levels, which reflect the response of the
organism to metritis and mastitis occurrence, and these variations
interrelate with age and BCS. Our results could be useful for vet-
erinary practitioners in the early diagnosis, prevention and to
find out the best monitoring solutions primarily in bovine re-
productive disorders such as metritis and mastitis. Furthermore,
the serum albumin level is a reliable parameter for evaluating
the nutritional status of dairy cows, mainly during transition
period.
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