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ABSTRACT In this study, the effects of Vitamin C on oxidative stress in anthrax vaccinated cattle were investigated. The
research was performed on 40 healthy cattle without any race and gender difference, and aged 6-8 months
that were not anthrax vaccinated. The cattle were divided into four equal groups. The first group was
determined as the control group. 1 ml anthrax vaccine was administered to the second group, 1 ml anthrax
vaccine and 5 mg/kg dose of vitamin C was administered to the third group, and vitamin C was administered
to the fourth group at a dose of 5 mg/kg. Blood collection were collected and serum samples were extracted
just before the vaccination and drug administration (0th day) and on the 2nd, 14th and 28t days after the
administration. Nitric Oxide (NO), Malondialdehyde (MDA), Superoxide Dismutase (SOD) and Catalase (CAT)
levels of serum samples were evaluated. It was found that the MDA and NO levels significantly increased
(P<0.05), and the amount of SOD and CAT decreased in the vaccine group on the 2nd, 14th and 28t days
compared to the control group. It was determined that the MDA and NO levels in the vaccine-vitamin groups
on the 2nd, 14th and 28t days decreased insignificantly (P> 0.05) compared to the vaccine group. It can be
asserted that the use of vitamin C in combination with anthrax vaccine in cattle would be beneficial in terms
of reducing oxidative stress.

Keywords: Anthrax vaccine, Cattle, Lipid peroxidation, Oxidative stress, Vitamin C.

0z Sarbon Asis1 Uygulanan Sigirlarda Vitamin Cnin Oksidan ve Antioksidan
Parametreler Uzerine Etkisi

Bu calismada sarbon asisi uygulanan sigirlarda oksidatif stres lizerine Vitamin C'nin etkileri arastirildi.
Arastirma, sarbon asis1 yapilmamis, irk ve cinsiyetleri farkli, yaslar1 6-8 ay olan 40 adet saghkh sigirlarda
yiiriitiildii. Sigirlar dért esit gruba ayrildi. Birinci grup kontrol grubu olarak tutuldu. ikinci gruba 1 ml sarbon
asisy, Ugiincii gruba 1 ml sarbon asist ve 5 mg/kg dozda C vitamini, dérdiincii gruba ise 5 mg/kg dozda C
vitamini uygulandi. As1 ve ila¢ uygulanmadan hemen 6nce (sifirinci giin) ve uygulama sonrasi 2., 14. ve 28.
giinlerde kan alinarak serumlar1 ¢ikartildi. Serum 6érneklerinde Nitrik Oksit (NO), Malondialdehit (MDA),
Siiperoksit Dismutaz (SOD) ve Katalaz (CAT) diizeyleri 6l¢iildii. As1 grubunda 2., 14. ve 28. giinlerde MDA ve
NO miktarinin kontrol grubuna gére énemli oranda arttig1 (P<0.05), SOD ve CAT miktarlarinin ise azaldig1
tespit edildi. Asi-vitamin grubunda 2., 14. ve 28. giinlerde MDA ve NO miktarlarinin as1 gruba goére énemsiz
(P>0.05) miktarda azaldig1 belirlendi. Sigirlarda sarbon asisi ile birlikte C vitamininin kullanilmasi oksidatif
stresi azaltmasi agisindan faydal olacagi ileri siiriilebilir.

Anahtar Kelimeler: Antraks asisi, C vitamini, Lipid peroksidasyonu, Oksidatif stres, Sigir.

INTRODUCTION 2010). The spore form of the bacteriur_n is highly resistant
to high and low temperature, dry air, pH changes and
various chemicals. Spores survive in the environment for a
long time and maintain their ability to cause disease
(Suchitra et al. 2010; Dettwiler et al. 2018; Brawand et al.
2019).

Anthrax is a zoonotic infection caused by the bacterium
Bacillus anthracis (Lewerin et al. 2010; Suchitra et al.
2010; Parlak et al. 2015; Brawand et al. 2019). The
bacterium is gram-positive, and when contacting oxygen
after leaving the body, it produces spores (Lewerin et al.
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Anthrax occurs in both domestic and wild animals. Animal
species have different sensitivities, and the most
susceptible species are reported to be herbivores
(Brawand et al. 2019). Animal species susceptible to the
disease are cattle, sheep, goats, horses, humans, and pigs.
Carnivores, such as cats and dogs, are reported to be more
resistant to the disease (Lewerin et al. 2010; Suchitra et al.
2010; Brawand et al. 2019).

Cattle get bacterial spores from contaminated pasture or
water. Spores of the agent enter the body mostly through
the digestive tract. Although rare, it can be taken from the
respiratory tract. The minimal dose of spores that can
infect humans and ruminants through the respiratory tract
is estimated to be between 8000-50.000 (Dettwiler et al.
2018). The incubation period of the disease is around 1-14
days. Animals often die suddenly without showing any
clinical symptoms (Lewerin et al. 2010; Brawand et al.
2019).

Spores taken by digestive and respiratory tracts are
captured by macrophages and carried to lymph nodes.
They take vegetative form in lymph nodes. When they
reproduce, they generate a variety of toxins. Rapidly
reproducing bacteria, enter the bloodstream and cause
systemic anthrax, which usually results in death (Hanna et
al. 1994; Lewerin et al. 2010). Meningoencephalomyelitis
is not common in this disease. But if it does occur,
mortality rate rises dramatically. Anthrax-induced
meningoencephalomyelitis can also occur in humans. It
has been reported that cases of anthrax are common in
people living in some African, South American, Central
Asian and the Middle Eastern countries (Parlak et al.
2015).

Oxygen and nitrogen species are released during the
normal metabolic processes in organisms. These groups
are known as reactive oxygen (ROS) and reactive nitrogen
(RNS) species. Of these species, nitric oxide (NO) and
superoxide (Oz7) participate in intercellular transmission
(Abd Ellah et al. 2009; Heidarpour et al. 2013). Reactive
oxygen species, also known as free radicals, include
superoxide (02), hydroxyl radical (OH-), singlet oxygen (O-
), hydrogen peroxide (Hz02), and peroxyl radical (ROO-)
(Nockels 1996). It is reported that the amount of these
radicals increases when organisms are exposed to
infection, heavy exercise, mastitis, pregnancy, metritis and
tissue damage at birth (Nockels 1996; Sordillo and Aitken
2009). These substances, especially produced by defense
cells, play an essential role in the defense system (Abd
Ellah et al. 2009; Luszczak et al. 2011). If oxidant species
are produced in excess quantities, they also damage the
somatic cells (Luszczak et al. 2011). They cause a decrease
or damage to the biological function of the cell membrane,
DNA, and enzymes. The harmful effects of free radicals are
eliminated by antioxidants. However, when the
antioxidant defense system is insufficient or when
oxidants called ROS and RNS are produced in excess, the
cells are damaged due to oxidative stress (Abd Ellah et al.
2009; Jaguezeski et al. 2018). Damage to the cell
membrane is caused by ROS. Free radicals generate the
lipid peroxidation process by interacting with unsaturated
fatty acids in the cell membrane. The final toxic product of
this reaction, which indicates the degradation of the cell
membrane, is malondialdehyde (MDA) (Bahrami et al.
2014; Esmaeilnejad et al. 2018).

There is an antioxidant defense mechanism that eliminates
the harmful effects of oxidizers in the organism.
Superoxide dismutase (SOD), catalase (CAT) and
glutathione peroxidase (GSH-Px) form the enzymatic
defense system, while trace elements such as albumin,
ceruloplasmin, transferrin, vitamin A, E and C, iron, copper,
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and zinc form the non-enzymatic antioxidant defense
system (Heidarpour et al. 2013).

Vitamin C, known as an antioxidant and reducing agent,
acts as a cofactor in reactions catalyzed by copper
dependent monooxygenases and iron dependent
dioxygenases (Linster and Van Schaftingen 2007). Vitamin
C is mostly synthesized from glucose in the liver of
mammalians by the enzyme gulonolactone oxidase. Since
this enzyme is not present in humans and pigs, they must
take the vitamin externally. Vitamin C acts as an
antioxidant by releasing electrons. Consequently, it
protects somatic cells against oxidation. It forms the
ascorbyl radical by binding free radicals. Ascorbyl radical
is shorter-lived compared to other free radicals and does
not possess reactive properties. Ascorbic acid reacts with
free radicals, reducing its amount. Ascorbic acid has
therefore been called a free radical scavenger (Padayatty
etal. 2003).

Anthrax spores maintain long-term viability in the soil and
the ability to cause disease. The disease in cattle
progresses rapidly and it usually results in sudden death.
Thus, the primary way to protect against the disease is to
vaccinate healthy animals. It is thought that the
administration of ascorbic acid may lead to a reduction in
oxidative stress that may be seen as a result of vaccination.
In this study, it is aimed to determine the oxidant and
antioxidant status in the peracute (0-2 days), acute (2-14
days) and subacute (14-28 days) periods in cattle
vaccinated against anthrax disease and to determine the
effects of Vitamin C on them.

MATERIAL AND METHODS

This study has been approved by the Ethics Committee of
Kafkas University (decision date 27.08.2020 and
numbered 2020-119) and Ministry of Agriculture and
Forestry of Turkey (letter dated 21.08.2020 and numbered
E-2331704). Animal experiments were carried out in a
cattle business located in Ardahan province. In the study,
40 healthy cattle, which are 6-8 months old, with different
breeds and genders that had never been vaccinated
against anthrax disease were used. The animals were
divided into four even groups and fed ad libitum with
meadow grass and tap water obtained from the same
source during the course of the experiment. The first
group was determined as the control group. 1 ml of
anthrax vaccine (Basilax®-Vetal-Turkey) was
intradermally injected to the second group. 1 ml of anthrax
vaccine and 5 mg/kg dose of vitamin C (Maxivit-C®-
baVET-Turkey) were intradermally injected in one shot at
different body parts in the third group. The fourth group
was given only vitamin C at a dose of 5 mg/kg. 10 ml of
blood was obtained from the vena jugularis of the animals
just before the drug and vaccine administration (day zero)
and on the 2nd, 14th and 28t days following the
administration. The samples were centrifuged at 3000 rpm
for 15 minutes, blood serums were separated and stored at
-200C until analyzed. The activities of antioxidant enzymes
such as superoxide dismutase (SOD) and catalase (CAT) in
serum were determined by ELISA (Epoch, Biotek, USA)
using commercial kits (Cayman Chemical Company, USA).
MDA analysis was determined colorimetrically (Epoch,
Biotek, USA) according to the method reported by
Yoshioka et al. (1979) and NO by Miranda et al. (2001).

Statistical analysis

Microsoft Windows SPSS 20.0 software was used for the
statistical evaluation of the research results. Normal
distribution curve was checked with the Shapiro-Wilk test.
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In comparison of group averages, one-way analysis of
variance (ANOVA) and multiple comparisons were
performed using Tamhane's T2 test. The results were
given as mean (X) and standard deviation (SD). In the
study, P<0.05 was considered statistically important.

RESULTS

In the vaccinated group, an increase in oxidant parameters
and a decrease in antioxidant parameters were found
compared to the control group (P<0.05). In the study, the
amount of MDA and NO did not show any change in the
control and vitamin-administered group on the 0th, 2nd,
14th and 28th days, whereas it increased significantly in the
vaccine and vaccine-vitamin administered group on the
Oth, 2nd, 14th and 28th days. While the amount of SOD and
CAT, which are antioxidant parameters, did not show any
change in the control and vitamin administered group on

Table 1. Some oxidative and antioxidant parameters by day.

the Oth, 2nd, 14th and 28t days, it significantly decreased in
the vaccine and vaccine-vitamin administered group on
the 2nd, 14thand 28th days compared to the Oth day.

In the study, it was stated that the amount of MDA and NO
evaluated on the 2nd, 14th and 28t days in the vaccine-
vitamin administered group decreased insignificantly
compared to the vaccine group. In the vaccine-vitamin
administered group, the SOD level increased significantly
on the 2nd and 14th days and increased insignificantly on
the 28t day compared to the vaccine group. CAT levels in
the vaccine-vitamin administered group were found to be
insignificantly increased on the 2nd day and significantly
increased on the 14t and 28th days compared to the
vaccine administered group. Analyzes and analysis results
of the serums obtained from cattle groups are given in
Table 1 below.

Parameters Groups Day 0 Day 2 Day 14 Day 28
Control 2.14+0.11 2.16+0.541 2.08+£0.521 21240281
MDA Vaccine 2.14+0.581 4.70+0.892 5.14 + (.53 2 454 + (.89 2
(nmol/L) Vitamin C 2.17+0571 1.96+0.46* 2.01+0.301 1.94+0.48
Vac- Vit.C 217+0.321 4.48+1.092 4.97 +1.202 437+0.672
Control 32.28+5.101 35.21+5.521 36.13+2.741 3254 +4.691
NO Vaccine 30.77+4.311 47.62+7.202 46.85 + 7.05 2 4459 + 4832
(nmol/L) Vitamin C 29.32+7.251 26.54+7.031 25.26 +5.871 27.34+10.521
Vac- Vit.C 3027 +7.751 44.63 +15.452 44.43 +15.50 2 41.94+4.432
Control 253.27+5.351 25420+ 7.071 252.15+32.601 253.98+8.921
SOD Vaccine 250.70 + 7.82 1 134.63 + 17.90 2 143.40 + 8.62 2 193.31 + 38.162
(U/mL) Vitamin C 249.81+12.921 24770 £ 12211 241.28 £28.09 1 242.38 £21.89 1
Vac- Vit.C 251.26 +£12.20 1 210.37 + 38.65 2 199.66 + 14.64 2 218.01 +£21.572
Control 37.95+5.041 39.16 £ 6.981 39.16+7.811 37.81+6.091
CAT Vaccine 38.85+7.83 1 21.34+6.152 19.89 +3.56 2 21.69 + 4.50 2
(nmol/min/mL) L
Vitamin C 37.29+4391 3516+ 4.411 36.72+3.66 1 39.83+£6.611
Vac- Vit.C 38.14+7.161 28.17 +7.672 28.53+8.972 30.15+5.202

DISCUSSION AND CONCLUSION

Anthrax often causes sudden death in cattle. High fever,
bleeding in the mucous membranes, edema in the head,
neck and abdomen, noncoagulating dark red bleeding in
the mouth, ear or nose are noted as clinical symptoms seen
in some patients (Lewerin et al. 2010; Suchitra et al. 2010).
In some patients, anthrax was isolated in the stillbirth,
placenta and sublumbal lymph nodes following high fever
(Brawand et al. 2019). For this reason, anthrax should be
considered in cases of high fever and abort that may occur
in cattle. Taking necessary measures in such cases is of
great importance in terms of human and animal health.
Because the disease is of importance in terms of public
health, regular vaccination of healthy animals is necessary
for protection against the disease. Disease and inoculations
can affect oxidative stress levels in the body.

The increase of free oxygen radicals in the body initiates a
series of reactions in the cell membrane. As a result of
these reactions, MDA occurs as the final product. The
formation of MDA is considered an important indicator of
lipid peroxidation. Changes in oxidant and antioxidant
balance after the administration of anthrax vaccine to
cattle can change the expected results of vaccination.
Therefore, a great number of researches have been

conducted on oxidant and antioxidant balance in diseases.
Studies have shown that there is an increase in MDA level
in diseases such as Tuberculosis (Kizil and Keltek 2017),
Brucellosis (Perin et al. 2017), Listeriosis (Jaguezeski et al.
2018), Foot-and-mouth disease (Mousa and Galal 2013;
Khoshvaghti et al. 2014; Uzlu et al. 2016), Babesiosis
(Saleh 2009), Coccidiosis (Tufan and Cam 2008; Yilmaz
and Issi 2014), Theileriosis (Kizil et al. 2011),
Anaplasmosis (Esmaeilnejad et al. 2018), Hydatidosis
(Heidarpour et al. 2013), Fascioliasis (Bahrami et al. 2014)
and Cutaneous Papillomatosis (Arslan et al. 2018), Mastitis
(Deveci and Giiven 2008), in cattle infected with
Neosporiosis (Glombowsky et al. 2017) and Dictyocaulus
viviparus (Deger et al. 2008), calves with omphalitis
(Bozukluhan et al. 2016), and also in cattle transferred
from one region to another (Chirase et al. 2004). In the
study, it was determined that the amount of MDA
evaluated on the 2nd, 14th and 28th days in the vaccine
group increased significantly (P<0.05) compared to the
control group. These findings show similarities with the
research results given above. This can be explained by the
fact that in anthrax vaccinated cattle, the antigen is
recognized by macrophages, the free radicals released
during the process interact with the unsaturated fatty
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acids in the cell membrane and cause the formation of
MDA as a result of these reactions.

Nitric oxide (NO) is a compound of the reactive nitrogen
species responsible for intercellular transmission (Abd
Ellah et al. 2009; Heidarpour et al. 2013). Studies have
shown that NO levels increased in cattle with omphalitis
(Bozukluhan et al. 2016), mastitis (Atakisi et al. 2010) and
foot-and-mouth disease (Bozukluhan et al. 2013; Mousa
and Galal 2013; Uzlu et al. 2016). As a result of this study,
it was stated that the amount of NO in the vaccine group
on the 2nd, 14th and 28th days was significantly increased (p
<0.05) compared to the control group. These results are in
line with the research results. A significantly higher level
of NO in the anthrax vaccine group compared to the
control group may cause the vaccine to stimulate cellular
damage.

The harmful effects of free oxygen radicals formed in the
organism on cells are either reduced or eliminated by
antioxidant substances. Deficiency of these antioxidant
substances or excessive production of oxidant substances
(such as infection, inflammation, and tissue damage)
causes cellular damage (Nockels 1996; Abd Ellah et al.
2009; Sordillo and Aitken 2009; tuszczak et al. 2011;
Jaguezeski et al. 2018). SOD is an antioxidant and
transforms the cellular superoxide radical to hydrogen
peroxide (H202). The resulting H20: is transformed into
water and oxygen by catalase enzyme and neutralized
(Aslanko¢ et al. 2020). In some studies, it has been
reported that the SOD level is decreased in calves with
Dictyocaulus viviparus (Deger et al. 2008) and coccidiosis
(Tufan and Cam 2008), and cattle infected with Bovine
Leukemia Virus (Ali et al. 2019), Foot-and-Mouth Virus
(Khoshvaghti et al. 2014), Anaplasma marginale
(Esmaeilnejad et al. 2018), Echinococcus granulosus
(Heidarpour et al. 2013) and Fasciola gigantica (Bahrami
et al. 2014). In the study, it was stated that the SOD level
significantly (P <0.05) decreased on the 2nd, 14th and 28th
days in the group that was administered anthrax vaccine
compared to the control group. These findings share
similarities with the research results stated above. This
similarity can be attributed to the rise in use of SOD in
order to eliminate the harmful effects of increasing
oxidants in the anthrax vaccine group. Contrary to these
findings, it has been reported that there is an increase in
SOD level in calves with brucella (Perin et al. 2017) and
septicemia (Meral et al. 2017) and in cattle infected with
Taenia saginata (Luszczak et al. 2011), as well as ethionine
administered cattle (Abd Ellah et al. 2009). Consequently,
it can be suggested that there may be other factors
affecting SOD level.

It has been reported that CAT levels are decreased in cattle
infected with Theileria annulata (Kizil et al. 2011),
Anaplasma marginale (Esmaeilnejad et al. 2018), as well as
ethionine administered cattle (Abd Ellah et al. 2009). It has
been reported that there is a decrease in the number of
total antioxidants in transferred cattle (Chirase et al.
2004), milk of cattle with mastitis (Atakisi et al. 2010), as
well as coccidiosis (Yilmaz and Issi 2014) and foot-and-
mouth disease (Mousa and Galal 2013) and in cattle
diagnosed with Anaplasma marginale (Esmaeilnejad et al.
2018). As a result of the research, it was determined that
the amount of CAT in the group administered the Anthrax
vaccine decreased significantly on the 2nd, 14th and 28th
days compared to the control group. This outcome share
similarities with the research results stated above. The
reason for the decrease in CAT level can be attributed to its
reaction with the increased oxidant substances in anthrax
vaccinates cattle. In other studies, it has been reported that
there is no significant change in the CAT level in cattle with
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foot-and mouth disease (Khoshvaghti et al. 2014) and
cutaneous papillomatosis (Arslan et al. 2018), but there is
an increase in the amount of CAT in Food-and-Mouth
Disease vaccinated cattle (Kizil and Gil 2004). The
difference in the CAT level may be due to the
characteristics of the administered vaccine (bacterial, viral,
activated, attenuated, inactive, adjuvant substance, etc.).
Bacterial and activated vaccines were administered in the
study.

Vitamin C shows antioxidant effect by reacting with free
radicals and forming ascorbyl radicals. As a result of this
reaction, the number of free radicals present in the
medium decreases (Padayatty et al. 2003). In the research,
it can be stated that the anthrax vaccine increases oxidant
parameters and decreases antioxidant parameters starting
from the second day. It was stated that vitamin C
administration showed an antioxidant effect by decreasing
the amounts of MDA and NO and increasing the amounts of
SOD and CAT. In the study, the decrease in the
concentrations of NO and MDA in the vitamin C
administered group can be explained by the reaction of
ascorbic acid with these radicals.

Kizil and Giil (2004) found that after the administration of
FMD vaccine, FMD vaccine-vitamin C, FMD vaccine-vitamin
AD3E and FMD vaccine-vitamin C-vitamin AD3E, the
amount of CAT increased in the only vaccine administered
group, that SOD level was not affected by vitamin
administration and that MDA level did not increase on the
3rd day in the vitamin C administered group but decreased
after the 14th day. The decrease in MDA level in this study
is consistent with the research of Kizil and Giil (2004). In a
study conducted by Kizil and Giil (2004), it was found that
there was an increase in the amount of CAT in the
vaccinated group, and the level of SOD did not change. In
this study, a decrease in CAT and SOD levels was
confirmed. The findings of SOD and CAT are in line with
the findings of Kizil and Giil (2004).

As a result, it can be stated that the amount of NO and MDA
increases in anthrax vaccinated cattle, the concentration of
SOD and CAT decreases, as well as vitamin C
administration reduces the increased oxidant parameters,
and recovers the antioxidant parameters. On that account,
it can be suggested that it would be useful to administer
vitamin C in combination with the anthrax vaccine to
cattle.
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