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Abstract

Background and Aim: Newcastle disease (ND) is widely recognized as an extremely harmful and contagious disease of
birds. Therefore, the present study aims to evaluate the effect of oxidative stress induced by the virulent ND virus (NDV)
(KUDU 113) on the plasma, brain, bursa of Fabricius, NDV antibody response, and hematology as well as the ameliorative
effect of the individual or combined use of Vitamins E and C on the clinical signs of NDV-infected chickens.

Materials and Methods: In this study, a total of 150 broiler chickens were included and divided into five groups: Group 1,
nonsupplemented and unchallenged chickens (UCC); Group 2, nonsupplemented and challenged chickens (ICC); Group 3,
Vitamin C-supplemented + challenged chickens; Group 4, Vitamin E-supplemented + challenged chickens; and Group 5,
Vitamins E and C-supplemented + challenged chickens. Groups 3, 4, and 5 were supplemented with Vitamins E and C (33
and 400 mg/kg/day, respectively). Virus challenge was done with 0.1 ml of KUDU 113 7 days after the start of vitamin
inclusion in their diet. Concentrations of glutathione (GSH), malondialdehyde (MDA), nitric oxide (NO), superoxide
dismutase (SOD), and catalase (CAT) were analyzed in the plasma, brain, and bursa on days 0, 3, and 7 post-infection (pi)
using the biochemical method. The blood samples were randomly collected from five chickens in each group for antibody
response and hematological analyses on day 0 previtamin treatment and at 0, 3, 7, 10, 14, and 21 days pi (dpi).

Results: A significant increase in the concentrations of MDA and NO in the NDV-challenged chickens was observed when
compared with the UCCs. Moreover, a significant decrease in GSH concentration was observed in the NDV-challenged
chickens when compared with the UCCs. The activities of CAT and SOD were reduced markedly in the NDV-challenged
chickens. Increases in the mean antibody titers were observed in the NDV-challenged group when compared with the UCCs
from days 3 to 21 pi. The mortality rates of groups 1, 2, 3, 4, and 5 were 0%, 30%, 3.3%, 3.3%, and 26.6%, respectively.

Conclusion: The findings of this study suggest that KUDU 113 causes oxidative stress in the brain and bursa of Fabricius of
chickens. Individual supplementation with Vitamin E or C was found to be more effective in ameliorating oxidative stress, improving
the immune response, and reducing mortality in KUDU 113 infections than the combined supplementation of Vitamins C and E.

Keywords: hematologic parameters, Newcastle disease, oxidative stress, Vitamin C, Vitamin E antibody titer.

Introduction

Newecastle disease (ND) is a dangerous viral poul-
try disease characterized by pathologies in the diges-
tive system, reproductive system, respiratory system,
nervous tissues, and lymphoid tissues. The disease is
attributed to numerous economic losses in the poultry
industry throughout the world [1]. Although a signifi-
cant improvement has been observed in the diagnosis
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and vaccination of poultry against ND, constant out-
breaks are still recorded in both vaccinated and unvac-
cinated birds, and the molecular mechanism of the
ND virus (NDV) must be further investigated [2]. The
NDV is an avian orthoavulavirus that belongs to the
genus orthoavulavirus in the subfamily Avulavirus
and family Paramyxoviridae [3]. The NDV is cate-
gorized on the basis of pathogenicity as asymptom-
atic, lentogenic mesogenic, and velogenic strains of
the virus [4]. The mesogenic and velogenic strains
are responsible for the heavy mortality and systemic
infection observed in poultry. The NDV is also clas-
sified as viscerotropic, pneumotropic, and neurotropic
strains on the basis of the virus affinity for nervous
and visceral organs [5]. The viscerotropic strain of ND
causes hemorrhagic lesions in the intestine, thymus,
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and bursa of Fabricius, whereas the neurotropic strain
causes neurolytic signs, such as paresis and paralysis
along with respiratory signs [5-7]. The by-products
of metabolic processes in the body involve the pro-
duction of a wide range of reactive substances. These
substances are biologically reactive oxygen species
(ROS) and reactive nitrogen species (RNS). The ROS
induces substances of high and low reactivity, such
as hydroxyl radicals, superoxides, and low reactivity,
and hydrogen peroxide, whereas the RNS substances
include nitric oxide (NO) and hydrogen peroxide [8].
The production of these reactive substances, if regu-
lated effectively, aids the cell signaling, the regulation
of cytokines, neuromodulation, transcription, apopto-
sis, and transport [9]. These reactive substances also
play key roles in the host-pathogen interaction, which
induces the recognition of pathogens, activation of the
host defense system, and gene expression. [10]. To
reduce ROS- and RNS-induced alterations, organisms
have definite antioxidant defense systems involving
enzymatic and non-enzymatic components, such as
catalase (CAT), superoxide dismutase (SOD), glu-
tathione S-transferase (GST), glutathione (GSH),
thioredoxin, melatonin, carotenoids, Vitamin E, and
Vitamin C [11]. The ND virus is an RNA virus known
to induce oxidative stress by increasing the produc-
tion of reactive substances [12]. Recent studies have
shown that mesogenic and velogenic NDV infections
can cause oxidative stress in the brain by decreasing
the activities of GST, SOD, and CAT [13,14] as well
as in the bursa of Fabricius by increasing the macro-
phage population, NO levels, and malondialdehyde
(MDA) content [15].

Vitamins E and C are well-known potent antiox-
idants. Vitamin E is actively involved in the develop-
ment of the nervous system [16]. It is mostly found in
cellular membranes and guards the cells against oxida-
tive stress by scavenging reactive species. It may also
be neuroprotective [17]. Vitamin E supplementation
has been shown to improve immune function against
viral pathogens and can modulate T cell function and
cytokines [13,18]. Vitamin C plays a necessary role in
various biosyntheses and is also important in regulat-
ing diverse reactions, such as the secretion of cortico-
steroids, regulation of body temperature, and activa-
tion of the immune system [19]. Vitamin E scavenges
free radicals and compensates for the decrease in
reduced GSH [18], whereas Vitamin C functions as a
ROS scavenger and is effective in reducing oxidative
damage by increasing the oxygen concentrations and
apoptosis [15]. Vitamin E has been reported to ame-
liorate NDV-induced oxidative stress and alleviates
tissue damage in the brains and intestines of chick-
ens [2,14]. This shows that the dietary supplementa-
tion of antioxidants may be a promising approach to
reduce economic losses caused by virus-induced oxi-
dative stress [20].

Therefore, this study aims to determine the effect
of oxidative stress induced by a Nigerian velogenic

strain of the NDV (KUDU 113) on the brain, bursa of
Fabricius, and plasma of chickens as well as to eval-
uate the anti-oxidative role of Vitamins E and C indi-
vidually or in combination and their ability to reduce
mortalities associated with NDV infection.

Materials and Methods

Ethical approval

The animal protocol was approved (approval
no. UNFVM/18/19/099) by the Faculty of Veterinary
Medicine University of Nigeria Nsukka, Nigeria.
Experimental animal ethics committee and in compli-
ance with Principles of Laboratory Animal Care” [21].

Study period and experimental design

The study was conducted from December 2019
to March 2020. Overall, 150-day-old broilers chick-
ens were obtained from a commercial hatchery in
Nigeria and housed in the Department of Veterinary
Medicine experimental animal house. The experimen-
tal chickens were vaccinated with the Gumboro and
LaSota vaccines on days 10 and 21, respectively. The
vaccines were procured from the Vaccine Production
Unit, National Veterinary Research Institute, Vom Jos
(NVRI), Nigeria. They had access to feed and water
ad libitum. Thereafter, the chickens were divided into
five groups (30 in each group): Group 1, nonsupple-
mented and unchallenged chickens (UCC); Group 2,
nonsupplemented and NDV-challenged chickens
(ICC); Group 3, Vitamin C-supplemented (400 mg/
kg) and NDV-challenged chickens; Group 4, Vitamin
E-supplemented (33 mg/kg) and NDV-challenged
chickens (Vitamin E-supplemented + challenged
chickens); and Group 5, Vitamin E-supplemented
(33 mg/kg/day) and Vitamin C-supplemented
(400 mg/kg/day) and NDV-challenged chickens.
Vitamins C and E were procured from Enhalor
Biotechnology (Beijing, China) and the BASF group
(Ludwigshafen, Germany), respectively. Vitamin
supplementation was included in the daily feed diet
of the broiler chickens on day 35. The velogenic
NDV isolate, KUDU 113, originally isolated from
ducks (duck/Nigeria/Plateau/Kudu/113/1991) [22]
and was procured from NVRI, Vom, Plateau State,
Nigeria. Groups 2 3, 4, and 5 were challenged with
0.1 ml of KUDU 113 containing 10846 50% egg lethal
dose (50) 7 days after the start of vitamin inclusion
in their diet.

Sample collection

Blood samples were collected from the jugular
vein of five birds per treatment group at day 0 previ-
tamin supplementation; 0, 3, 7, 10, 14, and 21 days
post-infection (dpi) in heparin tubes and in plain tubes
were immediately transferred to the laboratory. The
blood samples in the heparin tubes were used to analyze
hematological parameters, whereas the blood in plain
tubes was allowed to clot and was serum harvested
and stored at —80°C for the determination of antibody
titers using the enzyme-linked immunosorbent assay,
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procured from Shenzhen Lvshiyuan Biotechnology
Co., Ltd., China.

Three chickens per experimental treatment group
were humanely killed via the intravenous injection of
pentobarbital sodium (40 mg/kg) for the collection of
cerebrum and bursa samples at 0, 3, and 7 dpi. The
samples were put in separate microtubes and stored at
—80°C until use.

Preparation of tissue homogenates

The harvested tissue sections of the cerebrum
and bursa of Fabricius were weighed and completely
homogenized in phosphate buffer. The homogenates
were centrifuged at 5000x g for 20 min. The resulting
supernatant was used to assay for the oxidative stress
indicators.

Determination of MDA

MDA, an end product of lipid peroxidation,
0.5 mL of serum, or tissue homogenate was mixed
with 20% trichloroacetic acid (TCA) (1:1) and incu-
bated at room temperature. The samples were centri-
fuged at 2500% g for 10 min. Moreover, 1.0 mL of
1% thiobarbituric acid was added to the supernatant
and the samples were placed in a boiling water bath
(100°C) for 15 min. The contents were cooled on ice
and centrifuged for 15 min at 2500% g. The absorbance
(A) of the supernatant was read at 532 nm against a
reagent blank using a spectrophotometer (Jenway
6305; Jenway, Essex, UK) [23].

Determination of GSH

Reduced GSH in the serum and tissue was deter-
mined according to the method described by [24];
0.5 mL of serum/tissue homogenate was mixed with
0.1 mL of 25% TCA and kept on ice for a few min-
utes. This was then centrifuged at 3000 g for 10 min,
and 0.3 mL of the supernatant was mixed with 0.7 mL
of 0.2 M sodium phosphate buffer (pH 8) and 2 mL
of 0.6 mM Dithionitrobenezene. After 10 min, the
yellow color obtained was measured at 412 nm using
a spectrophotometer (Jenway 6305; Jenway, Essex,
UK) against a reagent blank.

Determination of NO

Total NO was determined based on the applica-
tion of the Griess reaction following the conversion of
nitrate to nitrite by metallic cadmium [25]. Two hun-
dred and fifty microliters of serum or tissue homoge-
nate was added to 700 uL of distilled water and then
mixed vigorously with 50 uL of deproteinization solu-
tion (30% zinc sulfate). The mixture was incubated at
room temperature for 15 min followed by centrifuga-
tion at 3000x g for 5 min. The deproteinized superna-
tant was transferred to a tube containing two pellets of
washed cadmium beads and then incubated overnight
at room temperature with agitation. After incubation,
the sample was transferred to a tube and centrifuged
for 5 min at 3000x g. Moreover, 300 uL of the sam-
ple was mixed briefly with 50 uL of color reagent 1
(sulfanilamide (p-aminobenzenesulfonamide) in 3N

HCl), followed by the addition of 50 UL color reagent
2 (N-(1-naphthyl) ethylenediamine dihydrochloride
in water) and mixed for 5 min at room temperature.
The absorbance of the sample was then measured at
540 nm using a spectrophotometer (Jenway 6305;
Jenway, Essex, UK) against a reagent blank.

Determination of SOD

SOD activity was determined according to the
method developed by Misra and Fridovich [26];
0.5 mL of serum or tissue homogenate was diluted
with an equal volume (0.5 mL) of distilled water,
followed by the addition of 0.25 mL of ice-cold eth-
anol and 0.15 mL of ice-cold chloroform. This was
thoroughly mixed using a cyclo-mixer and then cen-
trifuged at 2500 rpm for 10 min. The supernatant
was mixed with 1.5 mL of carbonate buffer (0.05M,
pH 10.2) and 0.5 mL of 0.5 mM EDTA solution. The
reaction was initiated by the addition of 0.4 mL of
3 mM epinephrine (Sigma, St. Louis, MO, USA), and
the change in absorbance per minute was measured at
480 nm against a reagent blank.

Determination of CAT

CAT activity was determined according to the
method described previously by Sinha [27]; 0.04 ml of
serum or tissue homogenate was added to 2.96 ml of
H,0, 0.2 M)-phosphate buffer (0.01 M, pH 7). From
this mixture, 2 mL of dichromate/acetic acid reagent
was used to stop the reaction with an interval of 1 min.
The tubes were heated at 100°C for 10 min, cooled,
and then centrifuged at 2500x g for 5 min to remove
precipitated proteins. The changes in absorbance were
recorded at 570 nm against the reagent blank using a
spectrophotometer (Jenway 6305; Jenway, Essex, UK).

Determination of NDV antibody titers

An enzyme-linked immunosorbent assay kit
was used for the determination of antibody titers in
the serum. The assay was performed according to the
manufacturer’s instructions.

Mortality rate

The experimental birds were observed twice
daily for clinical signs of NDV infection post-chal-
lenge with the KUDU 113, and the mortalities were
recorded.

Hematology

Hematological analyses were performed imme-
diately after collection. Packed cell volume (PCV)
was determined using the microhematocrit method,
whereas the hemoglobin concentration was determined
using the cyanomethemoglobin method [28,29]. Red
blood cell (RBC) and total white blood cell (WBC)
counts were measured using the hemocytometer
method. Erythrocytic indices were calculated using
the standard formulas.

Statistical analysis

The obtained data were subjected to a two-
way analysis of variance using the GraphPad Prism
version 5.2 for Windows (Graphpad Software,
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California, USA); variant means were separated using
Bonferroni’s multiple comparison tests. The differ-
ences between means were considered significant at
p<0.05.

Results

Changes in MDA concentration

The MDA concentrations in the serum, brain,
and bursa were significantly (p<0.05) higher in the
NDV-challenged group at 3 and 7 dpi when compared
with the unchallenged group. Groups 2 and 5 had the
highest increase in the MDA contents of the serum,
brain, and bursa than the Vitamin C-supplemented or
Vitamin E-supplemented groups (Figure-1).

Changes in the NO concentration

A significant (p<0.05) increase in NO concen-
tration was observed in the serum, brain, and bursa of
Fabricius of the NDV-challenged groups (Groups 2,
3, 4, and 5) at 3 and 7 dpi when compared with
Group 1. However, the vitamin-supplemented groups
had a lower NO concentration when compared with
Group 2, whereas the NO contents in the serum, brain,
and bursa of Fabricius of Group 5 were higher than
those in Groups 3 and 4 (Figure-2).

Changes in the GSH concentration

No significant difference (p>0.05) was observed
in the GSH concentrations in the serum, brain, and
bursa of Fabricius of the NDV-challenged groups at 3
dpi (Figure-3). However, a marked decrease in GSH
was observed in Group 2 compared with the groups
supplemented with vitamins C, E, and E + C. The
decrease in GSH content was more severe at 7 dpi
than at 3 dpi. The decrease in GSH contents in the
serum, brain, and bursa of Fabricius of Groups 3 and
4 was less than that of Groups 2 and 5.

Changes in the SOD concentration
The levels of SOD in the serum, brain, and
bursa were not significantly (p>0.05) different in the

NDV-challenged groups at 3 and 7 dpi (Figure-4).
However, a decrease was observed in the SOD con-
tents of the serum, brain, and bursa of Fabricius of
the NDV-challenged/Vitamin E + C-supplemented
chickens compared with the unchallenged group.
The reduction was higher in Groups 2 and 5 than in
Groups 3 and 4.

Changes in the CAT concentration

No significant difference was observed between
the concentrations of CAT in the serum, brain, and
bursa of Fabricius of the NDV-challenged and sup-
plemented/nonsupplemented  chickens  (p>0.05)
and the UCC at 3 and 7 dpi (Figure-5). However, a
reduction in the concentration of CAT in the serum,
brain, and bursa of Fabricius of Groups 2, 3, 4, and 5
was observed. Furthermore, Groups 2 and 5 showed
a higher reduction in CAT contents when compared
with Groups 3 and 4.

Mortality rate

Mortalities were first observed in Group 2 on
day 5 pi and Group 5 on day 7 pi, whereas mortal-
ities in Groups 3 and 4 were recorded on day 9 and
10 pi, respectively. The total mortalities were 0% for
Group 1, 30% for Group 2, 3.3% for Group 3, 3.3%
for Group 4, and 26.6% for Group 5 (Figure-6).

Changes in the NDV antibody titers

No significant difference was observed in the
ND hemagglutination inhibition titer of the NDV-
challenged and Vitamin C-, Vitamin E-, and Vitamin
E + C-supplemented groups. However, increases in
antibody titers were observed in the NDV-challenged
group from day 3 pi to day 21 pi. The antibody titer of
Group 2 was higher than that of the vitamin-supple-
mented groups (Figure-7).
Changes in hematology

As shown in Figure-8, the Vitamins E, C, and
E + C supplementation showed a nonsignificant
effect (p>0.05) on the PCV, RBC, HB, and WBC of
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and EC at 0-7 days post-infection.
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challenged birds when compared with the control
group. However, reductions in the erythrocytic param-
eters and increases in the total WBC were observed in
the groups challenged with KUDU 113 from day 3 pi
to day 10 pi.

Discussion

ND is attributed to severe economic losses in the
poultry industry by damaging the nervous and lym-
phoid organs of chickens, even in vaccinated flocks.

Okoroafor et al. [30] reported a mortality rate of
13.3% in vaccinated chicken flocks experimentally
infected with the KUDU 113 strain of the NDV.
Studies have shown the replication of NDV
in the brain of chickens [4,31], and the ability of
NDV to replicate depends on the different isolates.
Virulent ND depletes the bursa of Fabricius of chick-
ens [15,30,32,33], and the severe pathology in the
immune organ is associated with high levels of virus
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replication and intense inflammatory response [34].
Oxidative stress is due to the deregulation of cellu-
lar metabolism, resulting in the overproduction of
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Figure-6: Mortality rate of chickens challenged with
Newcastle disease virus and supplemented with Vitamins
E, C, and EC.
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Figure-7: The antibody titer of chickens challenged with
Newcastle disease virus and supplemented with Vitamins
E, C, and EC.

ROS and RNS, which disturbs the cellular antioxidant
enzymes and causes cellular damages [5]. The delete-
rious effect of oxidative stress is invalidated by some
enzymatic (CAT and SOD) and non-enzymatic (GSH
and Vitamins A, E, and C) antioxidant factors. Some
researchers have reported that mesogenic and velo-
genic NDV cause oxidative stress in the brain, liver,
heart, and bursa of Fabricius of chickens [2,13,15].

This study determined the effect of KUDU 113,
a Nigerian velogenic NDV, on oxidative stress mark-
ers, antibody titers, mortality rate, and hematology
in chickens supplemented or not supplemented with
Vitamins E, C, and E + C.

MDA is an indicator of lipid peroxidation, which
is an important factor in oxidative stress because free
radicals are mainly produced in the lipid membrane
and these free radicals can cause damage to the cell
membrane, DNA, and proteins leading to death. In this
study, a higher level of MDA was found in the serum,
brain, and bursa of Fabricius of NDV-infected chick-
ens, but less concentration was observed in the serum,
brain, and bursa of Fabricius of chickens supplemented
with Vitamins E and C. This finding is consistent with
that of the previous studies on the brain [2], bursa [15],
and intestinal mucosae [14], indicating that the high
levels of MDA may increase the level of ROS and
RNS in the host, which plays a key role in NDV infec-
tion. The reduction in the concentration of MDA in the
brain and bursa of Fabricius of the challenged and vita-
min-supplemented group showed that Vitamins E and
C are potential immunomodulators and can reduce the
effect of NDV-induced oxidative stress in the brain and
bursa of Fabricius of chickens.

35 mUCC mICC =VCSC mVESC mVECSC mUCC mICCmVCSC mVESC mVECSC
30 | 14 -
12
E 25 £
] S 10
20 -
< 15 3
> 26
2 10 - _: 4
54 T 5
B o 0-
T 0o 3 7 10 14 2 B PT 0 3 7 10 14 21
Days post infection Days post infection
mUCC mICC mVCSC mVESC mVECSC 12 = UCC mICC =VCSC mVESC =VECSC
4.5 -
10
g 4 _
3 3.5 E‘ 8 4
+ 3 3
= ] ~ 64
5 2.2 8
s J
S 15 2 4
= ] 5
Q 05
0 0
057 PT 0 3 7 10 14 21 PT 0 3 7 10 14 21
Days post infection Days post infection
d|

Figure-8: The packed cell volume (%), haemoglobin concentration (g/dl), red blood cell concentration (10%/uL) and white
blood cell (g/pL) of chickens challenged with Newcastle disease virus and supplemented with Vitamins E, C and EC.
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NO is an important metabolite that plays a key
role in the host defense system by recruiting cells
across vascular epithelial barriers during infec-
tions [35]. However, higher production of NO causes
decreased protein function, which leads to tissue
and DNA damage and increases disease pathoge-
nicity, whereas a lower production of NO increases
the survival rate of viruses, such as the paramyxovi-
ruses [36]. A higher NO concentration was observed
in the serum, brain, and bursa of Fabricius of Group 2
and chickens infected with NDV/supplemented with
Vitamins E, C, and E + C. However, the NO concen-
tration in the serum, brain, and bursa of Fabricius of
the vitamin-supplemented group was lower than that
in the nonsupplemented group. This finding is consis-
tent with that of the other studies demonstrating that
NDV can induce NO production in peripheral blood
mononuclear cells and heterophils [2,37,38]. They
suggested that high levels of NO can be attributed to
tissue damage in the brain and bursa of Fabricius of
chickens and can be a contributing factor to increased
mortality associated with ND infection as it increases
viral replication. The increased viral replication
explains the corresponding higher mortality rate
observed in Group 2, but supplementation with either
Vitamin E or C reduced the tissue damage in the brain
and bursa of Fabricius, which increased the surviv-
ability of the chickens compared with Group 5. This
finding is inconsistent with that of previous studies on
the combined supplementation of Vitamins E and C,
which showed a strong immune and antioxidant effect
compared with a single-dose administration of the
vitamins. The differences observed may be due to the
route of supplementation; the previous studies sup-
plemented through the interperitoneal route [39] and
drinking water [40] were absorption of these vitamins
into the body were faster, whereas our study supple-
mented through feed inclusion and feed digestion may
have slowed absorption of the vitamins. Although
vitamin supplementation through feed inclusion was
not very effective in our study, the inclusion of drugs
in feed is a common and practical method of drug
administration for poultry.

GSH is a major cellular non-enzymatic antioxi-
dant that plays a role in detoxifying different metabo-
lites and maintaining the redox balance [41]. SOD is
an important enzyme that provides protection against
lipid peroxidation [42], whereas CAT is involved in the
breakdown of hydrogen peroxide. Decreases in GSH
concentration and activities of CAT and SOD were
observed in Group 2 and the NDV-infected/Vitamin
E-, Vitamin C-, and Vitamin E + C-supplemented
groups. This finding is consistent with that of [2],
indicating that Vitamin E supplementation resulted
in increased activity of antioxidants. The decreases
observed in the concentration of GSH and enzymatic
activities of SOD and CAT were more significant in
Groups 2 and 5 than in Groups 3 and 4, indicating
that the individual supplementation of Vitamin E or

C partially prevented oxidative stress by maintaining
the levels of the cellular antioxidants in the blood and
tissues.

Increases were observed in the antibody titer in
Group 2 and the NDV-challenged and vitamin-sup-
plemented chickens. However, the individual supple-
mentation of either Vitamin C or E resulted in a stron-
ger immune response. Rehman et al. [2], Rehman
et al. [14] also suggested that vitamin supplementa-
tion may not reduce viral replication, but due to the
immunomodulatory effect of Vitamin E or C, the viral
load may be reduced and the immune response may
be maintained.

No significant (p>0.05) reduction was observed
in the erythrocytic parameters in the NDV-challenged
group, which could be due to the acute nature of infec-
tion induced by the velogenic KUDU 113 virus and
the ability of vaccination and vitamin supplementa-
tion to prevent the destruction of the RBC. This was
similarly observed by [43,44]. Furthermore, the non-
significant increase in the total WBC is usually due to
heterophilia and shows the severity of the inflamma-
tory process in NDV infections [44].

Conclusion

The results of this study suggest that the Nigerian
velogenic strain of NDV (KUDU 113), which is
known to cause devastating outbreaks in chickens,
causes oxidative stress in the plasma, brain, and bursa
of Fabricius by increasing the levels of MDA and
NO, reducing the levels of GSH, and decreasing the
activities of SOD and CAT. Furthermore, the indi-
vidual supplementation with Vitamin E or C is found
to be more effective in ameliorating oxidative stress,
improving the immune response, and reducing mor-
tality in KUDU 113 infections when compared with
the combined supplementation of Vitamins C and E.

Authors’ Contributions

WSE, BA, and ONO: Conceived and designed
the experiment. TMO, NHI, JNO and [JU: Performed
the experiments. TMO: Analyzed the data. OON:
Wrote and revised the manuscript. All authors read
and approved the final manuscript.

Acknowledgments

The study was funded by tertiary education trust
(TETFUND) institution based research fund inter-
vention, University of Nigeria, Nsukka, Nigeria. The
funders had no role in the study design, data collec-
tion and analysis, decision to publish or preparation of
the manuscript. The authors are grateful to Prof. R.I.
Udegbunam of the Faculty of Veterinary Medicine,
University of Nigeria Nsukka, for providing technical
assistance in this study.

Competing Interests

The authors declare that they have no Competing
Interests.

Veterinary World, EISSN: 2231-0916

2459



Available at www.veterinaryworld.org/Vol.14/September-2021/21.pdf

Publisher’s Note

Veterinary World remains neutral with regard

to jurisdictional claims in published institutional
affiliation.

References

L.

10.

11.

12.

13.

14.

Meng, C., Rehman, Z.U., Liu, K., Qiu, X., Tan, L.,
Sun, Y., Liao, Y., Song, C., Yu, S., Ding, Z., Nair, V.,
Munir, M. and Ding, C. (2018) Potential of genotype VII
Newcastle disease viruses to cause differential infections in
chickens and ducks. Trans. Emerg. Dis., 65(6): 1851-1862.
Rehman, Z.U., Qiu, X., Sun, Y., Liao, Y., Tan, L., Song, C.,
Yu, S., Ding, Z., Munir, M., Nair, V., Chunchun, M. and
Ding, C. (2018a) Vitamin E supplementation ameliorates
Newecastle disease virus-induced oxidative stress and alle-
viates tissue damage in the brains of chickens. Viruses,
10(14): 173.

Walker, P.J., Siddell, S.G., Lefkowitz, E.J., Mushegian, A.R.,
Dempsey, D.M., Dutilh, B.E., Harrach, B., Harrison, R.L.,
Hendrickson, R.C., Junglen, S., Knowles, N.J.,
Kropinski, A.M., Krupovic, M., Kuhn, J.H, Nibert, M.,
Rubion, L., Sabanadzovic, S., Simmonds, P., Varsani, A.,
Zerbini, F.M. and Davison, A.J. (2019) Changes to virus
taxonomy and the international code of virus classification
and nomenclature ratified by the international committee on
taxonomy of viruses. Arch Virol., 164(9): 2417-2429.
Cattoli, G., Susta, L., Terregino, C. and Brown, C. (2011)
Newcastle disease: A review of field recognition and cur-
rent methods of laboratory detection. J. Vet. Diagn. Invest.,
23(4): 637-656.

Miller, PJ., Afonso, C.L, El Attrache, J, Dorsey, K.M.,
Courtney, S.C., Guo, Z. and Kapczynski, D.R. (2013)
Effects of Newcastle disease virus vaccine antibodies on the
shedding and transmission of challenge viruses. Dev. Comp.
Immunol., 41(4): 505-513.

Matveeva, O.V.,, Kochneva, G.V., Netesov, S.V,
Onikienko, S.B. and Chumakov, P.M. (2015) Mechanisms
of oncolysis by paramyxovirus Sendai. Acta Nat., 7(2): 6-16.
Susta, L., Diel, D.G., Courtney, S., Cardenas-Garcia, S.,
Sundick, R.S., Miller, P.J., Brown, C.C. and Afonso, C.L.
(2015) Expression of chicken interleukin-2 by a highly vir-
ulent strain of Newcastle disease virus leads to decreased
systemic viral load but does not significantly affect mortal-
ity in chickens. Virol. J., 12: 122.

Di Meo, S., Reed, T.T., Venditti, P. and Victor, V.M.
(2016) Role of ROS and RNS sources in physiological
and pathological conditions. Oxid. Med. Cell. Longev.,
2016: 1245049.

Gloire, G., Legrand-Poels, S. and Piette, J. (2006)
NF-kappaB Activation by reactive oxygen species: Fifteen
years later. Biol. Pharm., 72(11): 1493-1505.

Aquilano, K., Baldelli, S. and Ciriolo, M.R. (2014)
Glutathione new roles in redox signaling for an old antioxi-
dant. Front. Pharm., 5: 196.

Ivanov, A.V., Valuev-Elliston, V.T., Ivanova, O.N.,
Kochetkov, S.N., Starodubova, E.S., Bartosch, B. and
Isaguliants, M.G. (2016) Oxidative stress during HIV
infection: Mechanisms and consequences. Oxid. Med. Cell.
Longev.,2016: 8910396.

Peterhans, E. (1979) Sendai virus stimulates chemilumi-
nescence in mouse spleen cells. Biochem. Biophy. Res.
Commun., 91(1): 383-392.

Subbaiah, K.C., Raniprameela, D., Visweswari, G.,
Rajendra, W. and Lokanatha, V. (2011) Perturbations in
the antioxidant metabolism during Newcastle disease virus
(NDV) infection in chicken protective role of Vitamin E.
Die Nat., 98(12): 1019-1026.

Rehman, Z.U., Che, L., Ren, S., Liao, Y., Qiu, X., Yu, S.,
Sun, Y., Tan, L., Song, C., Liu, W., Ding, Z., Munir, M.,
Nair, V., Meng, C. and Ding, C. (2018b) Supplementation

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

of Vitamin E protects chickens from Newcastle disease
virus-mediated exacerbation of intestinal oxidative stress
and tissue damage. Cell. Phys. Biochem., 47(4): 1655-1666.
Kristeen-Teo, W.Y., Yeap, S.K. and Tan, S.W. (2017) The
effects of different velogenic NDV infections on the chicken
bursa of Fabricius. BMC Vet. Res., 13(1): 151.

van den Berg, JM., van Koppen, E., Ahlin, A.,
Belohradsky, B.H., Bernatowska, E., Corbeel, L.,
Espaiol, T., Fischer, A., Kurenko-Deptuch, M., Mouy, R.,
Petropoulou, T., Roesler, J., Seger, R., Stasia, M.J.,
Valerius, N.H., Weening, R.S., Wolach, B., Roos, D. and
Kuijpers, T.W. (2009) Chronic granulomatous disease: The
European experience. PLoS One, 4(4): e5234.

Sheridan, P.A. and Beck, M.A. (2008) The immune response
to herpes simplex virus encephalitis in mice is modulated by
dietary Vitamin E. J. Nutr., 138(1): 130-137.

Subbaiah, K.C, Valluru, L., Rajendra, W., Ramamurthy, C.,
Thirunavukkarusu, C. and Subramanyam, R. (2015)
Newecastle disease virus (NDV) induces protein oxidation
and nitration in brain and liver of chicken: Ameliorative
effect of Vitamin E. Int. J. Biochem. Cell. Biol., 64: 97-106.
Catani, M.V., Savini, I., Rossi, A., Melino, G. and
Avigliano, L. (2005) Biological role of Vitamin C in kerati-
nocytes. Nutr: Rev., 63(3): 81-88.

Escaffre, O., Saito, T.B, Juelich, T.L., Ikegami, T., Smith,
J.K, Perez, D.D., Atkins, C., Levine, C.B., Huante, M.B.
and Nusbaum, R.J. (2017) Contribution of human lung
parenchyma and leukocyte influx to oxidative stress and
immune system-mediated pathology following Nipah virus
infection. J. Virol., 91(15): e00275-17.

National Institute of Health. (1985) Guide for the Care
and Use of Laboratory Animal (Revised). 8" ed. National
Academies Press, Washington, DC. p83-123. Available
from:  https://www.grants.nih.gov/grants/olaw/guide-for-
the-care-and-use-of-laboratory animals.pdf. Retrieved on
08-09-2021.

Shittu, 1., Sharma., Joannis, T.M., Volkening, J.D., Odaibo,
N.G., Olaleye, D.O., Williams-Coplin, D., Solomon, P.,
Abolnik, C., Miller, P.J., Dimitrov, K.M. and Afonso, C.L.
(2016) Complete genome sequence of a genotype XVII
Newecastle disease virus, isolated from an apparently
healthy domestic duck in Nigeria. Genome Annouc., 4(1):
e0171615.

Stocks, J. and Dormandy, T.L. (1971) The autoxidation of
human red cell lipids induced by hydrogen peroxide. Br: J.
Haematol., 20(1): 95-111.

Moron, M.A., Dipierrre, J.W. and Mannervick, B. (1979)
Levels of glutathione, glutathione reductase and glutathi-
one S-transferase activity in rat lung and liver. Biochim.
Biophys. Acta, 582(1): 67-78.

Sun, J., Zhang, X.J., Broderick, M. and Fein, H. (2003)
Measurement of nitric oxide production in biological sys-
tems by using Griess reaction assay. Sensors, 3(8): 276-284.
Misra, H.P. and Fridovich, 1. (1972) The role of superox-
ide anion in the autoxidation of epinephrine and a simple
assay for superoxide dismutase. J. Biol. Chem., 247(10):
3170-3175.

Sinha, A.K. (1972) Colorimetric assay of catalase. Anal.
Biochem., 47(2): 389-394.

Schalm, O.W., Jain, N.C. and Caroll, E.J. (1975) Veterinary
Haematology. 3™ ed. Lea and Fabriger, Philadelphia, PA.
p19-25.

Coles, E.H. (1986) Determination of packed cell volume.
In: Coles, E.H., editor. Veterinary Clinical Pathology. W.B.
Saunders Co., Philadelphia, PA. p17-19.

Okoroafor, O.N., Eze, C.P., Ezema, W.S., Nwosu, C.,
Okorie-Kanu, C., Animoke, P.C., Anene, B.M. and Okoye,
J.O.A. (2018) La Sota vaccination may not protect against
virus shedding and the lesions of velogenic Newcastle dis-
ease in commercial Turkeys. Trop. Anim. Health Prod.,
30(2): 234-351.

Cadet, J. and Davies, J.K.A. (2017t) Oxidative DNA

Veterinary World, EISSN: 2231-0916

2460



Available at www.veterinaryworld.org/Vol.14/September-2021/21.pdf

32.

33.

34.

35.

36.

37.

38.

damage and repair: An introduction. Free Radic. Biol. Med.,
107: 2-12.

Kommers, G.D., King, D.J., Seal, B.S. and Brown, C.C.
(2001) Virulence of pigeon-origin Newcastle disease virus
isolates for domestic chickens. Avian Dis., 45(4): 906-921.
Wakamatsu, N., King, D.J., Kapczynski, D.R., Seal, B.S.
and Brown, C.C. (2006) Experimental pathogenesis for
chickens, turkeys, and pigeons of exotic Newcastle disease
virus from an outbreak in California during 2002-2003. Vet.
Pathol., 43(6): 925-933.

39.

40.

enrofloxacin on Newcastle disease virus vaccinated broiler
chicks. Pak. J. Life Soc. Sci., 5(1-2): 24-29.

Tantcheva, L.P., Stoeva, E.S., Galabov, A.S., Braykova, A.A.,
Savov, V.M. and Mileva, M.M. (2003) Effect of Vitamin E and
Vitamin C combination on experimental influenza virus infec-
tion. Methods Find Exp. Clin. Pharmacol., 25(4): 259-264.
Bhatti, N., Hussain, Z., Mukhtar, M., Ali, A., Imran, M.,
Rafique, A. Manzoor, S. and Rehman, S. (2016) Effects of
Vitamins E and C supplementation on the immune response
of’broiler chicks. J. Antivirals Antiretrovirals, 8(4): 151-154.

Huang, G., Lam, Y. and Brumell, J.H. (2011) Autophagy 41. Sultana, R., Perluigi, M. and Butterfield, D.A. (2013) Lipid
signaling through reactive oxygen species. Antioxid. Redox peroxidation triggers neurodegeneration. A redox proteom-
Signal., 14(11): 2215-2231. ics view into the Alzheimer disease brain. Free Radic. Biol.
Zaki, M.H., Akuta, T. and Akaike, T. (2005) Nitric oxide-in- Med., 62: 157-169.
duced nitrative stress involved in microbial pathogenesis. J. 42.  Gu, F, Chauhan, V. and Chauhan, A. (2015) Glutathione
Pharmacol. Sci., 98(2): 117-129. redox imbalance in brain disorders. Curr. Opin. Clin. Meta
Perrone, L.A., Belser, J.A., Wadford, D.A., Katz, J.M. and Care, 18(1): 89-95.
Tumpey, T.M. (2013) Inducible nitric oxide contributes to 43. Igwe, A.O., Shittu, . and Okoye, J.O.A. (2018) Response
viral pathogenesis following highly pathogenic influenza of cyclophosphamide-treated broiler chickens to challenge
virus infection in mice. J. Infect. Dis., 207(10): 1576-1584. with velogenic Newcastle disease virus. J. Appl. Anim. Res.,
Lam, K.M., Kabbur, M.B. and Eiserich, J.P. (1996) 46(1): 938-946.
Newcastle disease virus-induced functional impairments 44.  Okoroafor, O.N., Okorie-Kanu, C.O., Animoke, P.C.,
and biochemical changes in chicken heterophils. Ver. Okoye, J.O.A., Nwanta, J.A. and Anene, B.M. (2019)
Immunopathol., 53(3-4): 313-327. Comparative haematology of chickens and turkeys experi-
Ahmad, M.W., Abbas, M.A., Muneer, .H. and Hanif, A. mentally infected with a velogenic Newcastle disease virus.
(2007) Immunomodulatory effects of flumequine and Niger. Vet. J., 40(1): 1-18.

koo skeoskeskoskosk

Veterinary World, EISSN: 2231-0916

2461





