[ ¢

DOI:10.22059/1JVM.2024.376783.1005577 Iranian Journal of Veterinary Medicineﬁ'&mﬁcle

Online ISSN: 2252-0554"

t‘\"

The Impact of Cytopathogenic and Non-C}@pat enic htypes of Bovine

Viral Diarrhea Virus on Total Antioxidant acity of Bovine Oocytes In-

Vltrb %

X
N

Amirmahdi Roshanzamir! gdylebkhan Garoussi'", Jalil Mehrzad?

! Department of Theriogenology$ Iralcu f 'eterinary Medicine, University of Tehran, Tehran-

Iran. * \

2 Section of Immun £)e knt of Microbiology and Immunology, Faculty of Veterinary
Medicine, University of Tehran, Tehran, Iran.

S



Abstract
@

Background :Bovine Viral Diarrhea Virus (BVDV) is the most significant patw in dairy

cattle herds. h N

Objectives: The objective of this research was to examine the impact Of Nid(CP) and

non-cytopathic (NCP) biotypes of BVDV on the total antioxidant caﬁacity of bovine oocytes in
vitro.

\

Materials & Methods: Oocytes were obtained from s aughtereh bgvine ovaries, washed, and
matured in maturation medium. The oocytes were ‘divided, into five distinct groups, each
consisting of at least 60 oocytes. The control gr@ t exposed to any BVDV biotypes.
Oocytes were challenged with cytopathic (C&nd Wopathic (NCP) BVDV at two distinct
concentrations of 10* and 10° tissue cultire inst doses (TCID) 50/mL. To determine the
antioxidant capacity of oocytes, a io@ant Capacity Assay was conducted after two
hours of incubation. Graph Pad Prfan?? Was utilized to analyze the data. A one-way ANOVA
was performed, accompanie‘y po‘hoc Tukey's HSD test.

Results: Results indic@ t\c&y the CP biotype of BVDYV significantly decreased the total

antioxidant capacity of infeetéd oocytes when compared to the control group whereas the NCP

biotype.did not sig iwy alter the total antioxidant of infected groups.

Co uh: uristudy showed that only CP BVDV in 10* and 10° (TCID)so/mL doses had an
effect he infected oocytes and decreased the oocyte's total antioxidant capacity significantly

while the NCP biotype did not significantly alter the infected oocyte's total antioxidant capacity.
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Introduction h\ .
Bovine viral diarrhea virus (BVDV) is a highly consequential patho \diiry cattle
industry, accountable for a diverse array of clinical manifestations ’gpanning m subclinical,
moderate infections to severe, acute disease (Abdelsalam l., (ﬁ)) BV‘I% belongs to the
Pestivirus genus of the Flaviviridae family, which is ﬁaracterizgd by its single-stranded RNA
genome, enveloped structure, and the presence of two es: norbcytopathogenic (NCP) and
cytopathogenic (CP) depending on their effect on cells. The NCP biotype is prevalent
and often leads to transient infections, whi e CP biotype is associated with fatal mucosal
disease (Dabiri et al., 2021, Talebkhan Gareussi‘et al., 1). Transmission occurs through direct
contact with infected animals or fomites, with p&ently infected (PI) calves playing a critical
role as viral reservoirs. The econo fect ojBVDV is profound, stemming from reduced
reproductive performance, c‘reased rtality and immunosuppression which exacerbates
secondary infections (Veysi nd mbemam 2020). Control measures include vaccination,
biosecurity, and the i ntlﬁ\& and culling of PI animals. Despite these efforts, BVDV

remains a pervasive challengedn terms of its extensive host range and genetic diversity (Meyer et
1., 2021). \V

Th & DV on the reproductive tract and also mammary glands of cattle is a critical
conce veterinary medicine and animal husbandry. BVDV is known to cause a range of

reproductive disorders, including infertility, abortions, and congenital abnormalities. The virus
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can cross the placental barrier, leading to fetal infection, which can result in the birth of PI calves
(Oguejiofor et al., 2019). These PI calves often appear normal at birth but car'shed the virus
throughout their lives, serving as a source of infection for the rest of the herd ( ssi et al.,
2019). The effect of virus on the reproductive tract can manifest in thm of “gvarian
dysfunction, decreased sperm quality, and disruption of the estrous cycle NB}VDV was
associated with the development of uterine diseases, such as endometfitis,which further impairs
reproductive performance (Oguejiofor et al., 2019). TP@OB&'C imp?lcrations of these
reproductive challenges are substantial, as they can lead to de<<eased &Ving rates, increased
culling of affected animals, and overall reduced productivitysof the herd.

BVDV has a significant effect on the quality Q oo‘cytes, which is crucial for the
reproductive success of cattle. Studies showM'lat DViinfection can lead to a decrease in the
developmental competence of oocytes, ectinwr ability to be fertilized and develop into
viable embryos (Pinto et al., 2017) S ’n cause direct cytopathogenic effects on the
oocytes or indirectly affect then}b) altering *e ovarian follicular environment. This can result in
a reduced number of oocytes retrieved during ovum pick-up procedures and a lower proportion
of oocytes reaching m S g& et al., 2022). Moreover, the presence of BVDV in the
follicular fluid wa?asrciax with alterations in the levels of critical growth factors and
cytokines that are essential for oocyte maturation (Wang and Pang 2024).

Oxidativ\* c&rs when the cellular antioxidant defenses fail to counterbalance the
produgtion ot§{eactive Oxygen Species (ROS), which has the potential to cause injury to the

cell. Overpreduction of ROS, which are chemically reactive molecules involved in cell signaling



and homeostasis, can be detrimental to DNA, lipids, proteins, and cell structures (Dayal et al.,
2014). Total Antioxidant Capacity (TAC) is an indicator of the cell's capabilig to counteract
ROS, as antioxidants inhibit the progression of oxidative damage (Asadi et al.§2017). Viral
infections, including those caused by BVDV, can disrupt this delicate b@e, leading to
increased oxidative stress. This can result in the overproduction of M&rq were no
adequately counteracted by antioxidants, the cellular damage can be finduged and affect various
physiological processes (Rajput et al., 2014). It is impe@to\c?refend the intricate
relationship among oxidative stress, TAC, and Viralq'{fections\in order to devise efficacious
therapeutic approaches for the management of viralgdiseases. BVDV is known to induce
oxidative stress in various cell types, and, probab bro@ytes are similarly affected (Al-
Kubati et al., 2021). An imbalance betweengthe generation of ROS and the antioxidant defenses
of bovine oocytes has the potential to impairgrmMar activities, including those essential
for successful fertilization and earlygmbrm development (Rajput et al., 2014).
Understanding how BVDYV affects evé

of oxidative stress is crucial because of their

critical function in reproduction’® 4

The purpose of this work¥is, t whe how BVDV affects the overall antioxidant capacity of

infected bovine ooc#s.

Material tw

Bovine ovaries were acquired from a commercial slaughterhouse in the suburban areas of Tehran
and A ;Svinces immediately after slaughter and were submerged in phosphate-buffered
saline (PBS). Thereafter ovaries were transferred to the laboratory in one hour, and subjected to
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two more washes in fresh PBS containing streptomycin at a concentration of 100 mg/mL,
penicillin at a concentration of 100 IU/mL, and fungizone at a concentratior'of 25 pg/mL.
Cumulus-oocyte complexes (COCs) were aspirated from ovarian follicles measurti -6 mm in
diameter using an 18-gauge needle connected to a 10 mL syringe. B@starti‘g any

experimental procedures, follicular fluid extracted from each batch ogovas/ regularly
tBV
.

tested using the Garoussi and Mehrzads’ methodology for the presen€e of.B antigen using

Polymerase Chain Reaction (PCR) (Garoussi and Mehrzad 2011). N

\

Washing Oocytes N\ Q
S
ubjec

Before the in vitro maturation of oocytes, they were s Qd to a washing procedure based on
the Stringfellow method (Stringfellow et al.,19 7)% method involved ten cycles of washing.
Initially, the oocytes were grouped into sets,of ten Mced within one-milliliter droplets of a
washing medium. Subsequently, they un ent a'single wash in an antiseptic solution for 90
seconds. Per the protocol, the washi%dium ontains 100 mL of PBS, 4 g of Bovine Serum
Albumin (BSA), 10000 TU of Pénicilli

the antiseptic solution contains lO\nL of Hank's Balanced Salt Solution (HBSS), 0.4 mL

Trypsin-EDTA (O.ZS%GhN\L 10000 IU Penicillin G Potassium, and 10 mg Streptomycin
sulfate. f o

In Vitﬂ*at\ )

USN esflished procedures outlined by Garoussi and Mehrzad (Garoussi and Mehrzad

2011), bovane oocytes were matured in vitro. Oocytes were immersed in a maturation media and

Pgtassium, and 10 mg of Streptomycin sulfate. Also,



repeatedly washed, surrounded by layers of dense follicular cells. Tissue culture medium-199
(TCM-199) supplemented with Earle's salts, 10% BVDV-free fetal bovine &um (FBS), 1
pg/mL estradiol, 60 ug/mL Folltropin, 2 IU/mL HCG, 50 ng/mL EGF, 0.4 mM mine, 0.2
mM sodium pyruvate, and 50 pg/mL gentamicin made up the maturation lm’l our-well
culture containers containing 700 pL of the maturation medium were us? 'XW the oocytes
in a controlled incubator. The incubation conditions consisted of 38.5€€ temperature, 5% carbon
dioxide (CO2) concentration, and 100% humidity for 24 h@f& Qtuﬁflon, the cumulus
cells were removed from the oocytes by vortexing them for 9{seconds in 2 mL of minimal

essential medium (MEM) containing 2% BVDV-free F alf Serum (FCS).
Virus Culture and Preparation 6 >

The Madin-Darby bovine kidney (MDBK) Ctxne Med for the Bovine Viral Diarrhea Virus
(BVDV) laboratory culture. The CP and"NCP bi es of the BVDV were obtained from the
Department of Virology, Faculty of ary dicine, University of Tehran, and the Virology
Department of Razi Vaccine arld Eeru n R e’earch Institute, respectively. Initially, MDBK cells
were cultured in Minimum *entiwedium (MEM) supplemented with 5% fetal calf serum.
Adherent cells were subcult d&er reaching 70-80% confluence. The virus was propagated in
MDBK cells and ﬁ&en at -79' . After eight passages, the presence of the virus was confirmed
using reverse ansctholymerase chain reaction (RT-PCR). The virus was then frozen and
titrateng Reed-Muench formula (Reed and Muench 1938).

Exper ntab}roups



The experimental groups in this study were established based on CP and NCP biotypes of the
BVD virus, with two different viral doses (10° and 10%) expressed as 509 tissue culture
infectious dose (TCIDso/mL), as described by Garoussi and Mehrzad (Garoussi‘Mehrzad

2011). h )

The oocytes were divided into five distinct groups, each consisting gf ‘ l%ho’cytes, and
replicated three times. The control group was not exposed KCB(DV biotypes. The second
and third groups were infected with 10* and 10> TCIDso/mL“of NCP B‘)V, respectively. The
fourth and fifth groups were infected with 10* and IO%CIDso/hL gf CP BVDV, respectively.

The duration of infection in each group was set for 2 hours.

ﬁ N
Total Antioxidant Capacity Assay (TAC) ‘

To assess the samples' overall antioxida apaéwith and without extract, the TAC test was
used. TAC test was performed usin ziaM Total Antioxidant Capacity Assay kit. This
experiment's concept and methogl(io clude the reduction of Fe+2 ions. The process produced
a dye when the chromogen ‘-azi -bis(3-ethylbenzothiazoline-6-sulfonic acid) was used as an
appropriate substrate fi ke\p@rﬁase enzyme. The absorbance of light at 593 nm was
measured, and the Wi Density (OD) was recorded. A higher antioxidant power in the sample
indicates the increased inyolvement of the chromogen in the reactions, resulting in higher OD
values. &iz@ocess was performed to quantify the antioxidant levels in the samples,
an szﬁrdi d method was employed for reporting the results. Utilizing a standard Working
solutiony, light absorption was measured. In order to conduct the assay, five microliters of the

sample were added to a 96-well plate, while five microliters of PBS were added to the wells
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serving as the control group. Afterward, 250 pl of the working solution was added to each well.
The plate was incubated for approximately 5 minutes at ambient temperature. Tlfconcentration
of Fe™, representing the antioxidant capacity and the presence or absence of anti&nts in the

samples, was determined and reported as uM Fe™ /L.

Statistical Analysis - ‘ \\ 4

The results were analyzed using Graph Pad Prism version @a\’% ANOVA with post-
hoc Tukey's HSD test was used to determine the staﬁical sig{iﬁcance etween groups. A P

value of < 0.05 was considered significant. The results resentedas means + SD.

Results 0 b

Total Antioxidant Capacity Assay (TA V

g

Table 1 displays the effect of sever: saBVDV on oocytes. The control group's Total
Antioxidant Capacity Assay (T‘At) 65’.3i50.44. TAC levels were similar in the control
group and 10* TCIDso/m 0° TCIDso/mL non-cytopathic (NCP) groups, with no

’* >O 05). Nevertheless, a significant decrease in TAC was

significant differences g
seen between 10* nd 105 TCIDso/mL CP groups compared to the control group

(P<0.05) Table.1).
\)

Table l\e effect of lCP and NCP BVDYV on the total antioxidant capacity of bovine oocytes

Contro 10* NCP 10° NCP 10* CP 10° CP




659.3+50.442 582.3+48.25% 640.7+47.542 488.1+40.25° 447.6+20.79°
&

b symbols on line with different alphabetic letters are significantly different. \
Discussion h

&

The current study investigated how CP and NCP BVDV biotypes affeste‘the\& a,ntioxidant
capacity of bovine oocytes in vitro. We measured the TAC cin\oocyteﬂallowing BVDV
infection to assess their overall antioxidant response, focusing endoge\as mechanisms rather
than the effects of exogenous antioxidants. TAC was chosai Recause it is an excellent
representative of the capacity to combat oxidative stress,%and it provides a comprehensive
measure of both enzymatic and non-enzymatic a@i within the cells and here oocytes,
reflecting their natural defense mechanisms%ins@tive stress (Ghorbanian et al., . 2017)
(Lira Ferrari and Bucalen Ferrari., 2011). hileWﬁc markers like Malondialdehyde (MDA)
could offer additional insights intofoxi e ’mage, we focused on TAC as it effectively
gauges the oocytes' capacity to‘p&ng Qidative stress. This research showed that although
the NCP biotype did not mparable impact, varying amounts of CP BVDV might
influence the overall ac% capacity of bovine oocytes. In brief, both doses of the CP

biotype decreased trt | antioxidant capacity of the infected oocytes significantly (Table 1).

The compl { etween the body's antioxidant defense systems and the production of

ROS giv complex phenomena known as oxidative stress (Bohm et al., 2023). ROS

icalsithat are produced naturally during cellular metabolism, such as mitochondrial

respirationjuehzymatic reactions, and inflammation. While ROS serve as important signaling
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molecules and contribute to normal cellular functions, their excessive production or impaired

' &

elimination can lead to oxidative stress (Szarka et al., 2022).

ROS, such as superoxide anion, hydroxyl radical, and hydrogen peroxide, ha‘\ﬁ&tential to

damage cellular components in terms of their reactivity (Katakwar et al., clelc acids,
proteins, and lipids are especially susceptible to oxidative damage. Am‘o a xdues within
proteins are susceptible to oxidation, which can result in st\c a‘d funetional changes. The
oxidation of lipids can lead to the production of reactive products, 1n~d1ng lipid peroxides,
which have the ability to disrupt the integrity and fu}étlon of cell membranes (Gaschler and
Stockwell 2017). Oxidative damage to DNA can result in mutations and the alteration of
nucleotide bases and DNA strand breaks, both w e‘detrimental to genetic integrity
(Rahimian et al., 2020). As an elaborate antlwant@se mechanism, cells have developed to
counteract the harmful effects of ROS. k{}arew enzymatic and non-enzymatic components
in this system (Khazaei and Ag

7uEnzymatic antioxidants, including catalase,

superoxide dismutase, and gluta;hbn rox"iase, collaborate in order to catalyze the conversion

of ROS into less deleterious s Vitamins C and E, glutathione, and a variety of
phytochemicals are no a ic an oxidants that function as scavengers of ROS by donating
electrons to stabili ize free radicals (Gupta et al., 2021). However, under conditions

of increased ROS productlon' such as during exposure to the environmental toxins, chronic
inflam * m:tlons the antioxidant defense system can become overwhelmed. This

idative stress due to an imbalance between ROS production and antioxidant capacity
(Aknd allam., 2012). A cascade of detrimental events, including the dysregulation of

11



cellular processes and the activation of stress signaling pathways, can be initiated by oxidative

&

stress.

The current investigation demonstrated that CP BVDV had a substantial imp \e overall
antioxidant capacity of bovine oocytes. Recent research provided valuable ins1m1to the effect
of BVDV infection on oxidative stress and antioxidant capacity in ani;n‘cel g\n{y done by
Schweizer found that CP BVDV induces apoptosis in cultbeﬂi throughdoxidative stress,
caspase activation, and DNA fragmentation. This process is ¢ racterize&y an increase in ROS
levels early in apoptosis, preceding caspase activ%on and DNA fragmentation. Certain
antioxidants, such as butylated hydroxyanisole and ebselenywere effective in protecting cells
from apoptosis induced by the CP biotype of Bm e%ther hand, antioxidants like N-
acetylcysteine, pyrrolidine dithiocarbamate, MAC 1d, dihydrolipoic acid, and tiron were found
to be ineffective in preventing apoptosi hesWings suggest that oxidative stress plays a
crucial role in the apoptotic cell d i e@y the CP biotype of BVDV (Schweizer and
Peterhans., 1999). A study done b} ba ’t al., . presents responses to CP BVDV infection in
MDBK cells. Notably, the bserved a downregulation of genes involved in reactive
oxygen species metabo stln increased oxidative stress (Villalba et al., 2016). It was
demonstrated that wx:nknon interferes with cellular metabolic processes, increasing the
generation of ROS;shence, causing oxidative stress, which aligns with the current study (Liu et

al., 20%&16 Me excessive production of ROS triggered by BVDV infection can

inifiate intracellular signaling pathways that mediate various cellular responses, including
inflam d programmed cell death (Zhou et al., 2017).
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Moreover, BVDV infection in cattle has been linked to several clinical symptoms, such as
reproductive  problems, respiratory diseases, and immunosuppression. *he observed
consequences may be associated with the oxidative stress caused by BVDV si oxidative
stress has been involved in these symptoms (Pinior and Kofer., 2016). Recent(reseateh provided

wf autophagy

new insights into the involvement of BVDYV in initiating mitophagy, a spvi
ochondria are essential

that targets the breakdown of impaired or harmed mitochondria. Sincé'mi
for controlling ROS generation and antioxidant defense mechanis s,t\e ctivation of mitophagy
by BVDV infection may affect the cellular response to oxiQtive s&ss (Li et al., 2024).
Oxidative stress was recognized as a critical factor 1 oductivesbiology. In the context of
oocyte quality and embryo development, oxidative stressican haye profound consequences (Jiang
et al., 2021). Oocytes, being highly metaboli allyﬁmve lls, are particularly vulnerable to
oxidative damage in terms of their limited antloxidzMacity. Consequently, any disruption in
the delicate balance between ROS pr ucti(i\ld antioxidant defense mechanisms can

significantly impact oocyte functio}n, bsequent embryo development (Barrozo et al., 2021).

§

Antioxidants, such as supe i:le ismutase, catalase, glutathione, and vitamin E, play crucial
roles in neutralizing R % (jﬁcmg against oxidative damage (Dontha 2016). However,
BVDV infection C‘P.lr the'antioxidant defense system, leading to a diminished ability of
oocytes to scavengeROS effectively. This compromised antioxidant capacity further exacerbates

oxidati‘x* -Mocytes, amplifying the detrimental effects on oocyte quality and
ctiveysu

reptedu s\ cess (Altamiranda et al., 2013).

Conclusion
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To conclude, only the CP biotype of BVDV can alter the total antioxidant capacity of the
infected oocytes significantly, but the NCP biotype did not have such an eff&. The current
study demonstrated that the BVDV's CP biotype reduced the overall antioxida pacity of
infected oocytes as compared to the control group. However, further basic remis needed to
determine the actual processes behind the loss of total antioxidant capv t\VDV -infected

oocytes.
o \ .
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