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Abstract: Brucellosis is a zoonotic and economically significant animal disease worldwide. The most frequently used 
vaccine to avoid brucellosis in small ruminants is the Rev.1 conjunctival Brucella melitensis vaccine. The aim of this 
study was to investigate the effects of B.melitensis Rev.1 conjunctival vaccine on total protein, albumin, globulin 
levels, protein profiles and oxidant/antioxidant status in sheep. Ten sheep were used as animal material for this 
purpose. The bloods taken before vaccination were used as negative control. The sera obtained one month after 
administration of single dose B.melitensis vaccine were used as experimental materials. The spectrophotometric 
method estimated total protein, albumin, globulin levels, total antioxidant capacity (TAS), and total oxidant capacity 
(TOS). Protein profile was determined by sodium-dodecyl-sulphate and native-polyacrylamide gel electrophoresis 
methods. It was determined that total protein and globulin levels increased slightly in sero positive sheep (P>0.05). 
There was no difference for protein profiles in both electrophoresis methods. The band densities of albumin 
decreased but gamma globulin increased slightly after vaccination. TAS levels decreased significantly (P<0.05), but 
TOS levels increased slightly (P>0.05). In conclusion, Rev.1 conjunctival Brucella vaccine was thought to be safe to 
use to prevent Brucellosis, and the addition of antioxidant after vaccination can reduce oxidative stress.
Keywords: Brucella melitensis Rev.1, Conjunctival vaccine, Oxidative stress, Protein profile.

Konjunktival Brucella melitensis Rev.1 ile aşılanmış koyunlarda protein 
profillerinin ve oksidan/antioksidan durumunun değerlendirilmesi

Özet: Bruselloz, dünya çapında zoonotik ve ekonomik açıdan önemli bir hayvan hastalığıdır. Küçükbaş hayvanlarda 
brusellozdan korunmak için en sık kullanılan aşı Rev.1 konjunktival Brucella melitensis aşısıdır. Bu çalışmanın amacı, 
koyunlarda B. melitensis Rev.1 konjunktival aşısının total protein, albümin, globulin düzeyleri, protein profilleri ve 
oksidan/antioksidan durumuna etkilerini araştırmaktır. Bu amaçla hayvan materyali olarak on koyun kullanıldı. 
Aşılama öncesi alınan kanlar negatif kontrol olarak kullanıldı. Tek doz B. melitensis aşısının uygulanmasından bir ay 
sonra elde edilen serumlar deney materyali olarak kullanıldı. Total protein, albümin, globulin seviyeleri ile antioksidan 
kapasite (TAS) ve oksidan kapasiteyi (TOS) spektrofotometrik yöntem ile belirlendi. Protein profili, sodyum-dodesil-
sülfat ve natif-poliakrilamid jel elektroforez yöntemleri ile belirlendi. Sero-pozitif koyunlarda total protein ve globulin 
düzeylerinin hafif yükseldiği belirlendi (P> 0,05). Her iki elektroforez yönteminde de protein profilleri açısından fark 
bulunmadı. Aşılamadan sonra albüminin bant yoğunluklarının azaldığı, ancak gama-globülin yoğunluklarının hafifçe 
artmış olduğu tespit edildi. TAS düzeyleri önemli ölçüde azalmışken (P <0,05), TOS düzeylerinde biraz artış gözlendi 
(P> 0,05). Sonuç olarak, Rev.1 konjunktival Brucella aşısının Brucellozdan korunmak için kullanımının güvenli olduğu 
ve aşılamadan sonra rasyona antioksidan eklenmesinin oksidatif stresi azaltabileceği düşünüldü.
Anahtar kelimeler: Brucella melitensis Rev.1, Konjunktival aşı, Oksidatif stres, Protein profili.

Introduction
Brucellosis is a significant contagious bacterial 
infection in animals worldwide, and a potential 
zoonotic disease. In general, the disease can cause 
significant productivity loss through abortion, 
stillbirth, low herd fertility and low milk production 
(Diaz Aparicio 2013). Control and eradication 
programs are implemented in many countries where 
brucellosis is observed. Many countries where 
brucellosis is detected adopt control and eradication 

programs (Revappayya et al. 2017). In this way it 
seeks to reduce animal infection and mitigate the 
impact of the disease on human health as well as 
on animal health and development, and the other 
step involves steps to avoid the reappearance of the 
disease (Kaplan 1966; Alton and Elberg 1967; WHO 
1986; Blasco 1997). The most widely used vaccine 
for the prevention of brucellosis in sheep and goats 
is the B. melitensis Rev.1 vaccine (Marzetti et al. 
2013; Shome et al. 2014).
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There is a balance between the development 
of free radicals and enzymatic and non-enzymatic 
antioxidant defense mechanisms in the animal 
body (Hornback and Roop 2006). Due to normal 
aerobic metabolism, reactive oxygen species (ROS) 
can be produced in all living organisms, and their 
levels increase during infection. One of the essential 
molecules that destroy bacteria in phagocytic 
cells such as macrophages and polymorphonic 
neutrophils (PMNs) is the reactive oxygen species 
(Dieffenbach and Tramont 2005). They settle in 
phagocytic cells and release phagosomes upon 
the growth of bacteria (Rada et al. 2008). They 
cause cell damage by peroxidation in DNA, protein 
and fatty acids (Orem et al. 1997; Halliwell and 
Gutteridge 1999). Reactive oxygen species, such as 
superoxide, hydrogen peroxide and hydroxyl radical 
are released by neutrophils and have been shown 
to play an important role in inflammation, and cell 
injury (Vladimirov 2004). Brucella infection induced 
oxidative stress and lipid peroxidation in human, 
cattle and rats (Erdogan et al. 2007; Nisbet et al. 
2007). Cytotoxic effects of oxidants include protein 
oxidation, lipid peroxidation, DNA damage and the 
inhibition of cellular metabolic pathways (Kim et al. 
2006). Cells and tissues have antioxidant systems that 
inhibit radical products and reactions. Studies have 
demonstrated altered total oxidant (TOC) and total 
antioxidant capacity (TAC), or oxidative stress index 
(OSI) in case of local and systemic inflammation or 
infection (Usta et al. 2012; Celi and Gabai 2015; Oral 
et al. 2015).

Sodium dodecyl sulphate polyacrylamide 
gel electrophoresis (SDS-PAGE) is a versatile 
and powerful technique widely used for protein 
separation based on their molecular weights 
(Laemmli 1970). In this study protein fractions 
were evaluated by SDS-PAGE and Native-PAGE 
due to its importance in the resolution of serum 
proteins. Determination of albumin and/or globulin 
concentrations by serum protein electrophoresis 
in domestic animals is an important diagnostic 
method. Determination of the total oxidant and 
antioxidant level and protein profile helps in the 
evaluation and diagnosis of the disease process 
along with other clinical and laboratory studies. For 
this purpose, it was aimed to determine the effects 
of Rev.1 conjunctival Brucella vaccine on sheep 
protein protein profile, total oxidant/antioxidant 
levels and oxidative stress index.

Materials and Methods
Experimental animals
Ten 5-months-old female Karayaka sheep, known to 
be unvaccinated, were used in the study. The group 
from which blood was collected from Vena jugularis 
before vaccination formed the control group. The 
experimental group consisted of animals from which 
blood was collected one month after vaccination. 
The vaccine, which was supplied lyophilized, was 
homogenized by melting it with a dilution liquid 
colored with Patent Blue V. 5-month-old female 
Karayaka sheep was applied as 40 ± 2 µl (1 drop) 
by installing a dropper in the bottle containing the 
reconstituted vaccine. The vaccine was administered 
in a single dose. After vaccination, blood was 
collected from Vena Jugularis (Çiftci et al. 2019).

Blood samples taken into anti-coagulated tubes 
were centrifuged at 1550 g and 4°C for 10 minutes 
to collect the serums to be used in the experiments. 
The clear blood serum on top was taken into plastic 
vials and kept at -80°C until analysis was performed.

Serological analysis
Rose Bengal (RB) Plate Test for the presence of 
specific antibodies and Standard Tube Aglutination 
(STAT) test for the determination of specific antibody 
titers were applied to the sera obtained from blood 
taken before and after vaccination (Çiftci et al. 2019).

Biochemical analysis
Total protein, globulin and albumin levels in 
sheep were measured by serum biochemistry 
autoanalysers (Autolab, AMS srl, Aotu analyzer, 
Netherlands) using commercial autoanalyzer test 
kits (Audit Diagnostics, Ireland).

Serum total antioxidant, total oxidant level 
measurement and Oxidative Stress Index
Total antioxidant status (TAS) was measured using 
commercial kits (Rel Assay Kit Diagnostics, Turkey) 
(Erel 2005). Results are expressed as mmol Trolox 
equiv/lt.

Total oxidant status (TOS) was measured using 
commercial kits (Rel Assay Kit Diagnostics, Turkey) 
(Erel 2004). Results are presented as μmol H2O2 
equiv/lt.

The calculation of the OSI was expressed as the 
percentage of the ratio of TOS levels to TAS levels, the 
mmol value in the unit of the TAS test was converted 
to µmol as in the TOS test (Erel 2004). The results 
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are presented as “arbitrary unit” (AU) and calculated 
according to the formula [OSI = (TOS; µmol H2O2 
equiv/lt)/(TAS, mmol Trolox equiv/lt) x 10]

Serum protein profile
The serum protein profiles of the sera which were 
obtained before and one month after vaccination 
were determined by Native- and SDS-PAGE 
methods as described by Laemmli (1970). Protein 
concentration in the serum was measured by 
spectrophotometric method before electrophoresis 
with a nano-drop spectrophotometer.

Serum protein electrophoresis was used for the 
determination of albumin, alpha-1 globulin, alpha-2 
globulin, beta globulin and gamma globulin (Parish 
and Marchalonis 1970). For this aim, twenty µl of 
sample was loaded on the separation gel (4%). 
Proteins were separated in 10% Native-PAGE gel 
with a 100 V for 90 min. The gel was stained with 
the Blue silver method (Candiano et al. 2004). The 
serum proteins were differentiated SDS-by PAGE 
(7.5 µl acrylamide + 10% SDS, 20 µl sample, 200 V 
and 150 mA, about 60 min) according to molecular 
weights (Laemmli 1970). After electrophoresis, the 
bands were stained with the Blue silver method. 
The molecular weights of the protein profile were 
calculated using the Kodak Molecular Image 
Analysis Software program.

Statistical analysis
SPSS statistical software v.21 (IBM Corp., Armonk, 
NY) was used for statistical analysis. Pairent samples 
T test was used to determine the variations among 
the parameters examined in the groups. 

Results
Serological analysis results
All sera from blood taken before the vaccination 
gave negative RBPT results, while all sera from the 
experimental groups (n=10) gave positive reactions. 

Serum antibody titers were determined as a 
result of STAT performed on 10 sera with positive 
reaction after RBPT. The titers were varied between 
1/20-1/80. The mean titer of STAT results was 
calculated as 1/36. According to the STAT results, 
the antibody titer increased significantly (p<0.001) 
at 1 month after vaccination compared to the pre-
vaccination sera.

Biochemical parameter results
The concentrations of total protein, albumin and 
globulin in sheep before and after vaccination were 
6.79±0.18 and 7.13±0.23, 3.65±0.08 and 3.51±0.008, 
3.19±0.18 and 3.63±0.2, respectively (Figure 1). It 
was determined that the amount of total protein 
and globulin increased slightly and the amount 
of albumin decreased slightly after vaccination 
compared to pre-vaccination (P> 0.05).

Figure 1. The mean ± standard deviation (SD) levels 
of measured total protein (TP), albumine (ALB), 
globulin in sera obtained from before (BV) and after 
vaccination (AV).

Protein profile was investigated by SDS- and 
Native-PAGE methods. It was determined that 
there was no difference in protein profiles before 
and after vaccination by SDS- PAGE (Figure 2). In 
Native – PAGE method, albumin, alpha-1 globulin, 
alpha-2 globulin, beta globulin and gamma globulin 
profiles were investigated. After vaccination, it 
was determined that the albumin band density 
decreased slightly and the gamma globulin band 
density increased slightly compared to the prior 
vaccination (Figure 3).

Serum total antioxidant, total oxidant level 
measurement and oxidative stress index
The mean and standard error values of total 
antioxidant, total oxidant and oxidative stress index 
values in sheep pre- and postvaccinations are 
presented in the table (Table 1). It was determined 
that TAS level decreased after conjunctival 
vaccination in sheep, which was statistically 
significant (P <0.05), and total oxidant and oxidative 
stress index increased slightly (P> 0.05) (Figure 4).
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Figure 2. The protein profiles of serum taken before 
(BV) and after vaccination (AV) by SDS-PAGE.

Figure 3. The protein profiles of serum taken before 
(BV) and after vaccination (AV) by Native-PAGE. 

Table 1. The average levels of TAS, TOS and OSI in pre- (BV) 
and postvaccinated (AV) sheep. 

  TAS (mmol/L) TOS (micromol/L) OSI (AU)
BV 2.13±0.18 22.99±2.14 0.1±0.009
AV 1.39±0.11 27.65±2.91 0.2±0.021
P 0.001 0.516 0.104

Figure 4. The percentages of TAS, TOS and OSI in 
pre- (BV) and post vaccinated (AV) sheep 

Discussion and Conclusion
Brucellosis is a serious infectious disease that causes 
direct and indirect economic losses for animal 
owners around the world, such as reduction of milk 
and meat production through abortions/culling 
of positive reactors, disease control / eradication 
expenses and compensation for farmers. While 
eradication of brucellosis has been an important 
economic value, it is important for treatment 
purposes to determine its biochemical and cellular 
changes (Polycarp et al. 2017).

The microorganisms have different enzymatic 
and non-enzymatic antioxidant systems in place to 
protect against the harmful effects of reactive oxygen 
species. Antioxidant mechanisms are compromised 
under certain conditions and/or increases in ROS, 
and antioxidant mechanisms may be inadequate to 
avoid oxidative damage altogether and as a result, 
oxidative stress may evolve (Aruoma 1996; Halliwell 
and Gutteridge 1999). Specific plasma antioxidants 
influence the oxidant state and, in conjunction with 
antioxidants, shield it from the harmful effects of 
free radicals (Wayner et al. 1987). In our study, TAS 
ability in sheep with Rev.1 conjunctival vaccine was 
found to decrease significantly compared to pre-
vaccination, and this was statistically significant 
(P<0.05), whereas total oxidant and oxidative 
stress index increased marginally and this was 
not statistically significant (P> 0.05). Serefhanoglu 
et al. (2009) reported that TAC levels in people 
infected with Brucella decreased dramatically, while 
malondialdehyde, total peroxide and oxidative 
stress index parameters increased (Serefhanoglu 
et al. 2009; Al-Khafaji and Al-Farwachi 2012). TAC 
values were found to be statistically significantly 
lower and TOC and OSI values were found to be 
significantly higher, compared to the control group 
reported in cattle with brucellosis (Karaagac et al. 
2011; Merhan et al. 2017). Brucella abortus-infected 
cattle reported exposure of Brucella-infected bugs 
to oxidative stress (Kataria et al. 2012; Perin et al. 
2017).

Blood serum or plasma is a blood fluid which 
sometimes changes as an active component 
invades the blood. Albumin and immunoglobulins 
are approximately 99 percent of the plasma 
proteins. The quantity of low serum or plasma 
proteins varies from pg/mL to ng/mL (Anderson 
and Anderson 2002). The level of serum protein is a 
critical component of animal laboratory diagnostic 
assessments. The increase in the total amount of 
protein may be due to the increase in the amount of 
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albumin or globulin, or may be increased because 
both are increased together. Hamada et al. (2013) 
reported that between healthy sheep and Brucella-
infected sheep, there was no statistically significant 
difference between total protein and albumin levels. 
El-Boshy et al. (2009) reported a significant decrease 
in the serum albumin content of healthy camels 
compared to camels infected with Brucella. It was 
determined that the amount of total protein and 
globulin increased slightly and that the amount of 
albumin in sheep with the conjunctival brucellosis 
vaccine Rev.1 decreased slightly compared to before 
vaccination (P>0.05). A small rise in the total protein 
level was thought to be due to an improvement in 
the level of gamma globulin. 

The protein profile was evaluated using the 
SDS-PAGE and Native-PAGE methods. It was 
determined that there was no band difference 
in the SDS-PAGE method in serums of pre- and 
postvaccinated animals. The band density found 
as increased slightly after vaccination. Albumin, α1, 
α2, β1, β2 and γ globulins were determined by the 
Native-PAGE method. Following vaccination, the 
band intensity of the γ globulin band increased 
significantly compared with before vaccination. 
Albumin, α1, α2, β1 and β2 globulins were observed 
not to have changed significantly. Gamma globulin 
band density has been reported to have increased 
significantly in cows infected with Brucella, sheep, 
camel and cows (El-Boshy et al. 2009; Hamada 
et al. 2013; Nath et al. 2014; Eilazab 2015). It has 
been stated that, in response to chronic antigenic 
stimulation, the increase in globulin fraction in 
chronic or subacute bacterial infections may result 
from the development of various immunoglobulins 
by plasma cells (Morag 2002).

Conjunctival Rev.1 vaccine in seropositive sheep 
compared to non-vaccinated has been thought to 
be significantly affected and a decrease of overall 
antioxidant levels. In conclusion, Rev.1 conjunctival 
Brucella vaccine can be used for protection against 
Brucella in a safe manner. 
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