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Abstract

This study aimed to determine the effects of vitamin C supplementation on antioxidant and
inflammatory status and cell viability of bovine peripheral blood mononuclear cells. Peripheral blood
mononuclear cells (PBMCs) were isolated from eighteen clinically healthy Japanese Black calves in
this study. PBMCs were cultured with vitamin C (vitamin C group) and without vitamin C (control
group) and stimulated with or without lipopolysaccharide (LPS). As a result, the total antioxidant
capacities, which are the reducing power of components from Fe3" to Fe 27, in the cell culture
supernatant with or without LPS stimulation were significantly higher in the vitamin C group than
those in the control group (P < 0.05, P < 0.01, respectively). Tumor necrosis factor-alpha in the cell
culture supernatant with LPS stimulation was significantly higher in the control group than that in
the vitamin C group (P < 0.05). The viability of cells cultured with LPS stimulation was significantly
higher in the vitamin C group than that in the control group after 72 h of culture (P < 0.05). These
results suggested that vitamin C is related to the antioxidant and anti-inflammatory properties and

cell viability of PBMCs obtained from calves.
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Introduction

Vitamin C is a water-soluble vitamin and a
fundamental nutrient for sustaining physiology (Mousavi
et al. 2019). Vitamin C has also been reported to have
antioxidant and anti-inflammatory properties, which
protect against reactive oxygen species and suppress
inflammatory responses caused by proinflammatory
substances (Mousavi etal. 2019, Niki 1991, Oudemans-van
Straaten et al. 2014).

In vivo studies in humans have reported that
vitamin C supplementation reduced infectious respiratory
(Pauling  1971),
inflammatory biomarkers, such as tumor necrosis
factor-alpha (TNF-ao) and interleukin-6 (IL-6) in the
blood (Du et al. 2003, Mikirova et al. 2012, Yang et al.

diseases oxidative stresses, and

2006,). In cattle, vitamin C supplementation has promoted
antibody production after Histophilus somni vaccination
(Otomaru et al. 2020) and reduced the incidence of
diarrhea (Hemingway 1991).

Studies reported that in vitro vitamin C
supplementation to human blood leukocytes reduced the
production of TNF-a and IL-6 (Hartel et al. 2004), and
vitamin C supplementation to human blood plasma or
porcine kidney cells increased antioxidant capacity
(Bleilevens et al. 2019, Hong et al. 2002). There have been
reports about in vitro vitamin E or anti-inflammatory
agent supplementation to peripheral blood mononuclear
cells (PBMCs) of cattle (Maeda et al. 2011, Otomaru et al.
2022). However, only few in vitro studies have
investigated vitamin C supplementation to bovine tissues
or cells.

*Corresponding author: otomaru@vet.kagoshima-u.ac.jp
Received 2 August 2022; accepted 13 December 2022.

225



K. Otomaru et al.

Clarifying the effect of vitamin C supplementation
on a cellular level for the health management of cattle is
important. Therefore, this study aimed to investigate the
effects of vitamin C supplementation to bovine PBMCs
on antioxidant and inflammatory biomarker status and
cell viability.

Materials and methods

1. Animals, cell isolation, and culture

Eighteen clinically healthy Japanese Black calves
kept on a farm in Kagoshima Prefecture, Japan,
were used in this study. The calves on the farm were
allowed to remain with their dams for 1 week after birth;
thereafter, they were separated and housed in individual
hutches until 2 weeks of age. After 3 weeks of age, the
calves were housed in groups of 18 per paddock and fed
with milk replacer until 12 weeks of age. At 13 weeks,
calves were weaned and housed in paddocks for 6 calves
each. The amount and nutrient composition of feed are
shown in Table 1. All calves were managed in the same
manner and fed to meet their nutritional requirements
according to the Japanese beef cattle feeding standard
(MAFF 2008).

Blood from the jugular vein was sampled using
vacutainer heparin tubes from 24-32 weeks of age. PBMC
isolation and cell suspension were conducted according
to a previous report (Maeda et al. 2011). Briefly, 10 mL of
heparinized blood diluted twofold in phosphate-buffered
saline (PBS) were placed above separation medium
solution (Lymphocyte Separation Medium 1077,
Immuno-Biological Laboratories, Japan; specific gravity
1.077) and centrifuged at 400xg for 60 min at room
temperature. Mononuclear cells at the interface were
collected and washed twice with PBS by centrifugation at
400 x g for 5 min. The isolated PBMCs were treated with
0.83% ammonium chloride and rocked gently for 5 min
to remove any residual red blood cells. Subsequently,
PBMCs were washed with PBS and suspended in
RPMI1640 (Invitrogen, Tokyo, Japan) medium containing
100-U/mL penicillin G (Meiji Seika, Tokyo, Japan). The
isolated PBMCs were dispensed into 48-well plates
(Greiner Bio-One, Tokyo, Japan) at a density of
5 x 10°cells/well.

The cells were cultured at a final volume of
1 mL/well in RPMI 1640 medium supplemented with
10% heat-inactivated fetal calf serum (FCS; Cansera
International Inc., Rexdale, Canada) with vitamin C
(L-Ascorbic acid, FUJIFILM Wako, Japan) (vitamin C
group) or without vitamin C (control group). Vitamin C
was dissolved in distilled water, and the concentration of
vitamin C was set to 200 pg/mL with reference to the
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previous reports (Bergman et al. 2004, Hong et al. 2002,
Perez-Cruz et al. 2003).

In addition, PBMCs were treated with or without
lipopolysaccharide (LPS) (Escherichia coli O111, Sigma
Aldrich, USA). LPS was dissolved in PBS, and the
concentration of LPS was set to 1.0 ug/mL following
previous reports (Lyu & Park 2005, Uddin et al. 2012).
Accordingly, dissolved vitamin C was added to the
culture plate for the vitamin C group and distilled water
was added to the culture plate for the control. FCS was
added to both groups. In the case of LPS stimulation,
LPS was added to the culture plate. Eventually, the above
reagent-treated cells were added to the culture plate.
Cells were not treated with vitamin C before this
procedure. The number of samples in the control, as well
as the vitamin C group with and without LPS stimulation,
was 18. Plates were incubated at 37°C in a humidified
5% CO, atmosphere for 24 h. After centrifugation,
the supernatants were collected and stored at —30°C
until analysis.

Examination of cell viability in culture was
conducted following previous reports (de Abreu
Costa et al. 2017, Yang et al. 1995). The isolated
PBMCs were dispensed into 48-well plates at a density of
5 x 10°cells/well, with a final volume of 1 mL/well in
RPMI 1640 medium. The order of adding and the
concentration of each reagent was the same as described
above. The number of samples in the control and the
vitamin C group with and without LPS stimulation was
18 for each. PBMCs were incubated at 37°C in a
humidified 5% CO, atmosphere. The protocol of these
experiments was reviewed and approved by the
Kagoshima University Laboratory Animal Committee,
Japan (Approval No. VM19046).

2. Sample analysis

The total antioxidant capacity in the cell culture
supernatant was measured using a commercially available
reagent and assayed with a free radical analyzer (FREE
Carrio Duo, Wismerll, Italy) (Abuelo et al. 2013, Otomaru
et al. 2018). The principle of this test is the reduction from
Fe** to Fe** by components in a sample. The optical
density was measured at 505 nm using a
spectrophotometer. TNF-a was measured using specific
quantikine enzyme-linked immunosorbent assay kit
systems (Fujifilm, Japan); PBMCs were stained with
trypan blue (0.5% trypan blue stain, Nacalai Tesque,
Japan) after 24 h, 48 h, and 72 h of culture; each cell was
classified into live or dead and quantified.
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Table 1. Amount and nutrient composition of feed

Item Age (weeks)
1 4 8 12 16 20 24 28 32
Amount (dry matter)
Milk replacer (kg) 0.54 0.72 0.92
Concentrate A (kg) 0.18 0.45 0.90
Concentrate B (kg) 0.45 0.90 2.52 1.80 1.80 1.80 1.80
Concentrate C (kg) 1.80 1.80 1.80 1.80
Hay (oats) (kg) 0.02 0.09 0.13 0.34 0.85 3.40 3.40 4.42 4.42
Composition (dry basis)
Total digestible nutrients (%) 103.4 102.4 100.2 95.8 90.3 71.5 717.5 71.5 71.5
Crude protein (%) 27.4 27.1 26.3 249 23.1 18.8 18.8 18.8 18.8
Crude fat (%) 15.5 15.1 14.0 11.8 9.0 22 2.2 22 2.2
Calcium (%) 1.34 1.31 1.25 1.13 0.97 0.61 0.61 0.61 0.61
Phosphorus (%) 0.72 0.71 0.69 0.66 0.62 0.52 0.52 0.52 0.52
Magnesium (%) 0.11 0.11 0.12 0.14 0.16 0.21 0.21 0.21 0.21
3. Statistical analyses Discussion

Data were expressed as mean + SD. Statistical
analysis was conducted to determine the differences
between the two groups within the same stimulation and
incubation time using Student’s ¢ test with EZR (Saitama
Medical Center, Jichi Medical University, Saitama,
Japan), which is a graphical user interface for R (The R
Foundation for Statistical Computing, Vienna, Austria,
version 2.13.0). P values of <0.05 were considered
statistically significant.

Results

Chelate quantification revealed that total antioxidant
capacity in the vitamin C group with or without LPS
stimulation was significantly higher than that in the
control group (P < 0.01 and P < 0.05, respectively), and
this antioxidant capacity tended to be higher with LPS
stimulation than without LPS stimulation (Fig. 1). The
TNF-a without LPS stimulation did not show a significant
difference between the groups (Fig. 2). However, with
LPS stimulation, the TNF-a in the control group was
significantly higher than that in the vitamin C group
(P < 0.05). Cell viability without LPS stimulation
gradually decreased in both groups, and there was no
significant difference between the groups (Fig. 3 a)); in
contrast, cell viability with LPS stimulation decreased
sharply after 24 h of culture in both groups, and there was
a significant difference between the groups after 72 h of
culture (P < 0.05) (Fig. 3 b)).

This study evaluated the effects of vitamin C
supplementation to bovine PBMCs on antioxidant and
inflammatory biomarker status and cell viability. As a
result, the total antioxidant capacity in the vitamin C
group with or without LPS stimulation was significantly
higher than that in the control group. The TNF-a in the
control group with LPS stimulation was significantly
higher than that in the vitamin C group. Cell viability in
the vitamin C group with LPS stimulation after 72 h of
culture was significantly higher than that in the control
group.

TNF-a, an inflammatory cytokine whose secretion
is induced by LPS, is mainly produced by monocytes and
T-cells (Caims et al. 2018). Vitamin C is essential for the
biosynthesis of collagen and a cofactor in the biosynthesis
of catecholamines and some peptide hormones (Mousavi
et al. 2019). Further, it has been shown to capture free
radicals, remove active oxygen species, and possess
anti-inflammatory properties (Block et al. 2009,
Oudemans-van Straaten et al. 2014, Pauling 1971, Yang
et al. 2006). Vitamin C has also been reported to increase
nuclear factor-erythroid 2-related factor 2 (Nrf2) activity
in mouse macrophages and human hepatocytes (Kim
et al. 2015, Li et al. 2019). Nrf2 is a transcription factor
whose activity induces antioxidant and anti-inflammatory
properties in cells (Bao et al. 2021, Mo et al. 2014,
Nadeem et al. 2020). Thus, vitamin C supplementation to
bovine PBMCs might enhance antioxidant capacity and
suppress TNF-a production by increasing Nrf2 activity.
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Fig. 1. Effects of vitamin C on total antioxidant capacity in the cell culture supernatant
Control group (empty square, n = 18), vitamin C group (dark square, n = 18)
Data are shown as mean + SD.
Asterisks indicate significant difference between groups (*: P < 0.05, **: P <0.01).
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Fig. 2. Effects of vitamin C on TNFa in the cell culture supernatant
Control group (empty square, n = 18), vitamin C group (dark square, n = 18)
Data are shown as mean + SD.
Asterisks indicate significant difference between groups (*: P < 0.05).
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Fig. 3. Effects of vitamin C on cell viability cultured without and with LPS stimulation

a) without LPS stimulation, b) with LPS stimulation

Control group (empty square, n = 18), vitamin C group (dark square, n = 18)

Data are shown as mean = SD.

Asterisks indicate significant difference between the groups at same incubation time (*: P < 0.05).

Reports showed that vitamin C supplementation to
human blood plasma and lymphocytes
antioxidant capacity (Bouamama et al. 2017, Hong et al.
2004), and vitamin C supplementation to human blood
monocytes and lymphocytes or human alveolar
macrophages reduced TNF-a production (Chen et al.
2014, Hartel et al. 2004).

Apoptosis is induced by many factors and has
complex pathways (Elmore 2007), such as the
TNF-a-related pathway (Mendez et al. 1995, Obeng
2021). When TNF-a binds to the TNF receptor on the cell
surface, the TNF receptor-related death domain induces
the death-inducing signaling complex, which induces cell
apoptosis. It has been reported that vitamin C suppresses
TNF-a production (Chen et al. 2014, Hartel et al. 2004)
and caspases, which are enzymes involved in the
apoptosis cascade (Gong et al. 2022, Perez-Cruz et al.
2003). Thus, vitamin C supplementation to bovine
PBMCs might suppress cells apoptosis by either
decreasing TNF-o production or attenuating the apoptosis
cascade. Reports also showed that vitamin C
supplementation to human blood monocytes, human
hepatocytes, and mouse lymph node cells decreased cells
apoptosis (Campbell et al. 1999, Li et al. 2019, Perez-Cruz
et al. 2003).

These suggested  that
supplementation to bovine PBMCs with LPS stimulation

increased

results vitamin C

improves antioxidant property, anti-inflammatory
effects, and cell viability. However, further studies are
needed to clarify the effect of vitamin C on bovine cells,
such as activity against viral and parasitic infections, for
effective health management of cattle.
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