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Abstract

Selenium (Se) deficiency significantly impacts the cow breeding industry by reducing the milk quality of dairy cows and
affecting the health of calves. The molecular mechanism of Se deficiency-induced damage to calves, however, remains
unclear. The present study investigated whether Se deficiency induces oxidative stress, apoptosis, and inflammation in calf
liver tissues. We collected the liver tissues of calves with Se deficiency. Experimental results showed that Se deficiency weak-
ened the activity of antioxidant enzymes and increased the accumulation of oxidation products in the liver. Se deficiency also
led to excessive fission of the mitochondria and downregulated the expression of the Mfn2 and Opal genes in the calf liver.
Mitochondrial damage-induced apoptosis by increasing the expression of pro-apoptotic genes such as CytC, Cas3, Cas9, fas,
and Cas8, leading to a decrease in energy metabolism. Se deficiency also triggered the expression of inflammatory-related
factors such as IL-1f, IL-6, TNF-a, and NF-kB. Taken together, the results suggest that Se deficiency causes oxidative stress,
triggers an inflammatory response, disrupts mitochondrial dynamic balance, and then induces apoptosis, eventually leading
to calf liver damage. These findings might provide valuable clues for elucidating the mechanism of Se deficiency-induced

injury in domestic animals.
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Introduction

Selenium (Se), a nonmetallic chemical element, was dis-
covered by Berzelius in 1818 and then became the topic
of global research. Compared to other trace elements, the
intake of Se in animal bodies varies widely in the world,
ranging from deficiency level to toxic concentrations, based
on Se content in crops and soil [1]. In China, Se content
in soil, water, and plants is very low in most regions [2],
which is directly related to the content of Se in animal
fodder. In recent years, clinical studies have shown that
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various neonatal diseases are associated with Se deficiency,
including impaired neurodevelopment and poor postnatal
growth [3, 4]. Similarly, in the animal breeding industry, Se
deficiency leads to various disorders in domestic animals,
especially disorders related to growth inhibition, reduced
production performance, and reduced immunocompetence
[5]. Several studies have suggested that Se deficiency causes
damage to different animals (livestock and poultry). For
example, Se deficiency causes necroptosis and inflamma-
tory responses in swine ileum tissue [6]. The occurrence of
arteritis in chickens may also be related to Se deficiency [7].
Moreover, Se deficiency has been reported to cause growth
inhibition and increased mortality in calves [8]. As one of
the essential trace elements, Se is considered to be a protec-
tive factor for the liver. A previous study showed that Se can
effectively alleviate cadmium-induced oxidative stress and
autophagy in rabbit liver, thereby protecting liver tissues [9].
Another recent study demonstrated that Se can protect rats
from apoptosis and liver fibrosis induced by heat stress [10].
To date, however, no studies have elucidated the mechanism
by which Se deficiency induces liver injury in calves.
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Se is essential for redox homeostasis and response to
oxidative stress, which involves the conversion of reactive
oxygen species (ROS) produced by energy metabolism into
H,O through glutathione (GSH) [11]. In other words, Se
deficiency can disrupt the antioxidant system in the body,
reduce the ability to eliminate ROS, and cause organ damage
in organisms. At supra nutritional level and higher pharma-
cological doses, Se acts as a pro-oxidant that generates ROS
and induces cell death [12]. Moreover, oxidation products
can act as stimuli and interact with inflammatory cells at
various stages in the signaling pathway. A human inter-
vention experiment showed that the intake of Se-enriched
food increases the expression of anti-inflammatory factors
interleukin-2 (IL-2) and interleukin-4 (IL-4) [13]. In con-
trast, the expression of the pro-inflammatory factors such
as interleukin-1f (IL-1p), tumor necrosis factor o (TNF),
nuclear factor kappa-B (NF-kB) was enhanced under Se
deficiency[14]. Zhang et al. reported that Se deficiency
upregulated the mRNA and protein expression levels of
inflammatory cytokines, including inducible nitric oxide
synthase (iNOS), cyclooxygenase-2 (COX2), and NF-kB
[15]. Another study showed that oxidative stress induced
by Se deficiency promoted the expression of inflammatory
factors IL-1p and IL-6, resulting in breast inflammation in
dairy cows [16].

Mitochondria, as the main site of ROS production, can be
easily damaged under oxidative stress as compared to other
organelles [17]. Moreover, a greater amount of mitochon-
drial fusion than fission, that is, an imbalance of mitochon-
drial dynamics, results in apoptosis induction. A previous
study showed that cadmium exposure decreased the activity
of antioxidant enzymes in rabbit liver tissues and increased
the level of oxidation products, including malondialdehyde
(MDA) and hydrogen peroxide (H,0,), accompanied by an
imbalance of mitochondrial dynamics, which eventually led
to apoptosis; however, the administration of Se was found to
ameliorate this situation [18]. Other studies have shown that
Se deficiency-induced apoptosis by upregulating apoptotic
genes such as cytochrome C (CytC), cysteinyl aspartate-
specific proteinases (Cas3, Cas9, and Cas8), and bcl2-asso-
ciated X protein (bax) and simultaneously downregulating
the antiapoptotic gene B cell lymphoma-2 (bcl-2) [19, 20].
Mitochondria are the sites where sugars, fats, and amino
acids are oxidized to release energy. Consequently, mito-
chondrial damage affects the level of energy metabolism. Se
deficiency reduces ATP and ADP levels in pig liver tissues
[21]; however, no similar observations have been reported
in cow liver.

To date, Se deficiency-induced damage to the liver and
the protective effect of Se on the liver in different ani-
mals have been reported [21-23]. However, the mecha-
nism by which Se deficiency causes liver injury in calves
remains unclear, especially with regard to the mechanism

of apoptosis and mitochondrial dynamics. Therefore, the
present study was conducted to determine whether Se defi-
ciency damages calf livers by increasing mitochondrial fis-
sion, inflammatory response, oxidative stress, and apoptosis.

Materials and Methods
Animal Specimens

All calves (Holstein; female) were obtained from a large-
scale ranch in Heilongjiang province. Liver tissues from
three healthy calves with no evidence of liver injury in
routine histopathological examination served as the control
group (C group). For the experimental group (-Se group),
liver tissues were collected from three Se-deficient calves
diagnosed by the animal hospital of Northeast Agricultural
University. A small part of the tissue was fixed in 10% for-
maldehyde, and the remaining liver tissue was placed in dry
ice, transported to the laboratory, and then stored at — 80 °C
for further research. All procedures performed in this experi-
ment were approved by the Institutional Animal Care and
Use Committee of Northeast Agricultural University.

Histopathological Examination

The calf liver tissues were rapidly fixed in 10% formalde-
hyde for at least 24 h and were embedded in paraffin for
microscopic examination. From the paraffin-embedded
blocks, Sects. (5 um thick) were cut, obtained, and stained
with hematoxylin and eosin (H&E) for light microscopy
observation.

Determination of Oxidative Stress Markers

The liver tissues were homogenized (1:9 w/v) with a glass
Teflon homogenizer (Heidolph SO1 10R2RO) in physio-
logical saline. The homogenate was centrifuged at 3500 X g
for 10 min at 4 °C to obtain the supernatant for measuring
catalase (CAT), superoxide dismutase (SOD), MDA, and
H,0, levels by using the detection kits (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China) according to the
manufacturer’s protocols.

TUNEL Analysis

To analyze Se deficiency-induced apoptosis, termi-
nal deoxynucleotidyl transferase-mediated dUTP nick
end labeling (TUNEL) analysis was performed using
an in situ cell death detection kit (Fluorescein; Roche,
Basel, Switzerland). The process was performed accord-
ing to the manufacturer’s instructions, and the samples
were observed under a fluorescence microscope after
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anti-fluorescence quenching. The number of apoptotic
cells was expressed as a percentage of TUNEL-positive
cells out of the total number of cells.

Determination of ATPase Activity

The activities of Ca’"-ATPase, Ca’*-Mg>*-ATPase, and
Na*™-K*-ATPase were determined using the appropriate
assay kits (Nanjing Jiancheng Bioengineering Institute)
according to the manufacturer’s protocol by using 10% tis-
sue homogenates. The ATPase activities were measured by
quantifying the production of inorganic phosphorus (Pi)
from the conversion of ATP to ADP at 660 nm by using
the molybdenum blue spectrophotometric method and were
expressed as umol/mg.pr. When one type of ATPase was
tested, the inhibitors of other types of ATPase were added
to suppress the hydrolysis of phosphate radicals.

RNA Isolation and qRT-PCR Analysis

Total RNA extraction was performed as described previ-
ously [24]. All the primers (Table 1) were designed by Pre-
mier Software (PREMIER Biosoft International, USA) for
gRT-PCR. After detection by qRT-PCR, the gene expres-
sion levels were determined on a Light Cycler® 480 System
(Roche, Basel, Switzerland) by using fast Universal SYBR
Green Master Mix (Takara, China). The reactions were
performed in a 10-uL reaction mixture containing 5 puL of
2xSYBR Green I PCR Master Mix (Takara, China), 1 uL
of either diluted cDNA, 0.2 pL of each primer (10 uM), and
3.6 puL of PCR-grade water. The relative mRNA abundance
was calculated according to the method of 2724t wherein

Table 2 Antibody dilution

Sample Test item Test result Unit
name and no

1# Selenium content Not detected (<0.01) mg/kg
2# Selenium content Not detected (<0.01) mg/kg
3# Selenium content Not detected (<0.01) mg/kg

Test method: ICP-OES

gene-specific efficiencies were normalized to the mean
mRNA expression level of f-actin (Table 2).

Western Blot Analysis

Total protein extraction and western blot analysis were per-
formed as described previously [24]. Briefly, the protein
samples were separated by 8%, 10%, and 12% SDS-PAGE
and were transferred to PVDF membranes. The PVDF mem-
branes were blocked with 5% skim milk for 2 h at 37 °C
and were incubated for 14 h at 4 °C with the corresponding
antibodies (IL-1p, IL-6, TNF-a, IL-10, IL-4, CytC, Cas3,
Cas9, bax, bcl2, Cas8, TNFR2, fas, Drpl, fisl, Mfn2, Opal,
LDH, PK, and PDHX) (Table 3). The signal was detected by
a chemiluminescence imager (Tanon 5200, Tanon, China).
The results of densitometry were analyzed by ImagelJ soft-
ware. The relative expression levels were calculated by com-
paring them to the p-actin expression level.

Statistical Analysis
Statistical analysis of all data was conducted using Graph-

Pad Prism version 8.0 software. All results were expressed
as mean = SD. Statistical significance was determined with

Table1 mRNAs Primer

Reverse 5" to 3’

Gene Forward 5" to 3’

Sequences
PK CATGCAGCACCTGATTGCC
PDHX CTGTGAGTGCTGGAGATGCCTTATG
LDH TTGGTCCAGCGTAACGTGAACATC
Opal CCGAGGGTTGTTGTGGTTGGAG
Mitn2 CCACACCACCAACTGCTTCCTG
Fisl CCACACCACCAACTGCTTCCTG
Drpl GGCTGGGGTCTTGTGTGTTA
fas GGGATCTGGGTTCACTTGTCACTG
Cas8 CCATATAGGAAGCAGGAACCCATCAAG
bax TTTGCTTCAGGGTTTCATCCAGGATC
bcl2 TGTGGATGACCGAGTACCTGAACC
NF-xB CGCTTCCGCTACAAGTGTGAGG
IL-1p GGCTCTCCACCTCCTCTCACAG
IL-10 AGAGTCTTCAGTGAGCTCCAAG
B-actin ATGGTGAAGGTCGGAGTGAAC

CCACTGCAGCACTTGAAGGA
GCAAACCAATCAGTGAACCCAACC
AAGCCACTTATCTTCCAAGCCACATAG
CACTGAGAGTCACCTTAACTGGAGAAC
ACCGTCTTGACACTCCTCTTCTCC
ACCGTCTTGACACTCCTCTTCTCC
TCTTTCCACTGCTCTGCGTT
TTCTTGGCAGGAGTTCGCTTCAG
ACAAGTAGTTAAGCAGCAGATCCAGTC
CAGACACTCGCTCAGCTTCTTGG
AGAGACAGCCAGGAGAAATCAAACAG
TCTTGATAGTGGGGTGGGTCTTGG
ATCTTGTTGTCTCTTTCCTCTCCTTGC
ATCCTGGAGGTCTTCTTCCCT
CTGGAACATGTAGACCATGTAGT
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Table 3 Detection results of selenium content in calf liver

Antibody Dilution ratio Manufacturer
B-actin 1:500 Wanlei
IL-1p 1:1000 Wanlei
IL-6 1:1000 Wanlei
TNFa 1:500 Wanlei
IL-10 1:500 Wanlei
1L-4 1:500 Wanlei
CytC 1:1000 Wanlei
Cas3 1:500 Wanlei
Cas9 1:500 Wanlei
bax 1:500 Wanlei
bel2 1:500 Wanlei
Cas8 1:1000 Cell Signal-
ing Tech-
nology
TNFR2 1:500 Wanlei
fas 1:500 Wanlei
Drpl 1:500 Affinity
Fisl 1:500 Boster
Mitn2 1:500 Bioss
Opal 1:1000 Affinity
LDH 1:1000 Wanlei
PK 1:1000 Wanlei
PDHX 1:500 Affinity

Student’s #-test and Tukey’s post hoc test. P <0.05 was con-
sidered to be statistically significant. The software showed
a normal distribution of the data.

Fig. 1 Histopathological
observation of calf liver. Histo-
pathological results of calf liver.
Histopathological observation
of calf liver comparing the C
group and -Se group (scale bars,
20 pm). The -Se group showed
disorder of hepatic lobule
distribution, hyperemia (yellow
arrow) and inflammatory cell
infiltration in liver tissues (red
arrow). C, control group; -Se,
selenium deficiency group

Results
Histopathological Observation of Calf Liver

To determine the Se content in liver tissues, we submitted
the calf liver tissues of the -Se group to a professional insti-
tute for testing. As shown in Table 2, the Se content in the
liver tissues of the -Se group was less than 0.01 mg/kg. The
pathological changes of the liver of the diseased calves were
observed by an optical microscope. As shown in Fig. 1, in
the C group, the structure of the hepatic lobule was rela-
tively normal, and there was no bleeding or inflammatory
cell infiltration. In contrast, in the -Se group, hyperemia (yel-
low arrow) and inflammatory cell infiltration (red arrow)
were observed in calf liver tissues.

The Antioxidant Capacity of Calf Liver

To elucidate the effect of Se deficiency on calf liver, we
tested the antioxidant capacity of calf liver tissues by using
assay kits. As shown in Fig. 2, the activity of antioxidant
enzymes, including SOD and CAT, and the content of GSH
decreased in the -Se group as compared to that in the C
group. Among them, SOD activity decreased the most and
was approximately 36% lower than that of the C group
(P<0.01) (Fig. 2A). Although the activity of CAT showed
a downward trend, the change in the activity was not sig-
nificant (P> 0.05) (Fig. 2B). Furthermore, the total content
of oxidation products such as MDA and H,0O, was higher
in the livers of the -Se group than in the livers of the C
group (P <0.05 or P<0.01) (Fig. 2D and E). It is worth
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mentioning that compared to the C group, the -Se group had
twice the content of H,0, (P <0.01) (Fig. 2E).

Expression of Inflammatory Factors in Calf Liver
As shown in Fig. 3, Se deficiency induced the expres-

sion of hepatic inflammatory factors. The qRT-PCR
results showed that the mRNA expression levels of

@ Springer

pro-inflammatory factors (including NF-xB and IL-1f)
were higher in the -Se group than in the C group (P <0.01)
(Fig. 3A and C). Furthermore, Se deficiency significantly
aggravated the protein expression levels of inflamma-
tory factors (such as IL-6, IL-1f, and TNFa) (P <0.05 or
P <0.01) (Fig. 3B-D). We also tested the protein expres-
sion levels of some anti-inflammatory factors (including
IL-4 and IL-10), and their expression levels in the -Se
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Fig.3 Selenium deficiency induces inflammation in calf liver. Sele-
nium deficiency induces inflammation in calf liver. A qRT-PCR anal-
ysis for NF-kB (n=3; **P <0.01, compared with the control group).
B Westing blot showing for IL-6 (n=3; **P<0.01, compared with
the control group). C The mRNA and protein expressions of IL-1
(n=3; **P<0.01, compared with the control group). D-E The pro-

group were found to be decreased as compared to that in
the C group (Fig. 3E-G).

Expression of Apoptosis-Related Genes in Calf Liver

To further examine the effects of Se deficiency on the calf
liver, we detected the expression of apoptosis-related genes.
As shown in Fig. 4A and B, the number of TUNEL-positive
cells in the livers of the -Se group was higher than that in
the livers of the C group (P <0.01). The mRNA expres-
sion levels of pro-apoptotic genes (such as CytC, Cas9,
Cas3, bax, Cas8, and fas) were significantly increased in
the -Se group as compared to those in the C group (P <0.01)
(Fig. 4C-I); this finding is consistent with the enhanced

tein expressions of TNFa and IL-4 (n=3; *P<0.05, **P<0.01,
compared with the control group). F qRT-PCR analysis and westing
blot showing for IL-10 (n=3; **P <0.01, compared with the control
group). C, control group; -Se, selenium group. Results are presented
as mean +SD. Statistical significance was obtained by unpaired Stu-
dent’s #-test

protein expression of bax, Cas8, fas, and TNFR2 (P <0.05
or P<0.01) (Fig. 4F-K). Moreover, the mRNA and protein
expression levels of the antiapoptotic gene bcl-2 were sig-
nificantly reduced in the -Se group under the condition of
Se deficiency (P <0.01) (Fig. 4G).

Mitochondrial Dynamic Balance in Calf Liver

The effects of Se deficiency on the relative expression of mito-
chondrial dynamics-related genes in the calf liver are shown
in Fig. 5. Se deficiency significantly elevated the mRNA and
protein expression levels of mitochondrial fission protein 1
(fisl). As compared to the C group, the mRNA expression
of fisl in the -Se group increased by approximately 4.5 times
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Fig.4 Selenium deficiency induces apoptosis in calf liver tissue.
Selenium deficiency induces apoptosis in calf liver tissue. A—B Rep-
resentative images and quantification of TUNEL (scale bars, 100 pm;
**P<0.01, compared with the control group). C-E The protein
expressions of CytC, Cas3, and Cas9 (n=3; **P<0.01, compared
with the control group). F-I qRT-PCR analysis and western blotting
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Fig.5 Selenium deficiency destroys mitochondrial dynamic bal-
ance in calf liver tissue. Selenium deficiency destroys mitochondrial
dynamic balance in calf liver. A-D The mRNA and protein expres-
sions of fisl, Drpl, Mfn2, and Opal (n=3; **P<0.01, compared

(P<0.01) (Fig. 5A). The mRNA and protein expression levels
of the mitochondrial fission gene Dynamic related protein 1
(Drp1) were also significantly enhanced (P <0.01) (Fig. 5B).
Furthermore, the expression levels of mitochondrial fusion-
related genes (mitofusin 2 [Mfn2] and optic atrophy 1 [Opal])
in the livers of the -Se group were lower than those in the livers
of the C group (P <0.01) (Fig. 5C and D). Among these genes,
the mRNA expression level of Opal reduced the most (by
approximately 85%, P <0.01) in the -Se group as compared
to that in the C group (Fig. 5D).

Expression of Energy Metabolism-Related Genes
in Calf Liver

As shown in Fig. 6, in the -Se group, all ATPase (including
Ca’*-ATPase, Ca’*-Mg”>"-ATPase, and Na*-K*-ATPase)
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with the control group). E Western blotting for the tagged proteins
in the livers. C, control group; -Se, selenium group. Results are
presented as mean=+SD. Statistical significance was obtained by
unpaired Student’s #-test

activities significantly reduced because of Se deficiency
(P<0.05 or P<0.01) (Fig. 6A—C). Additionally, the mRNA
expression levels of energy metabolism-related genes
(including lactate dehydrogenase [LDH], pyruvate kinase
[PK], and pyruvate dehydrogenase complex X [PDHX])
were lower in the -Se group than in the C group (P <0.01)
(Fig. 6D-F). The largest decrease in the mRNA expres-
sion level for observed for PDHX, which decreased by
approximately 80% (Fig. 6F). The trend of protein expres-
sion of energy-related genes was consistent with that of
mRNA expression. Compared to the C group, the -Se group
showed reduced protein expression of LDH, PK, and PDHX
(Fig. 6D-G). Among them, the protein expression of LDH
alone in the -Se group was not significantly different from
that of the control group under the condition of Se deficiency
(P>0.05) (Fig. 6D).
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Fig.6 Selenium deficiency reduces the level of energy metabolism
in calf liver. Selenium deficiency reduces the level of energy metabo-
lism in calf liver. A-C ATPase activity (n=3, *P<0.05, **P<0.01,
compared with the control group). D-F The mRNA and protein
expression of LDH, PK, and PDHX (n=3, *P<0.05, **P<0.01,

Discussion and Conclusion

As the main metabolic organ of the body, the liver partici-
pates in antioxidation, sugar storage, synthesis of secretory
proteins, and other functions. Several studies have shown
that Se plays an important role in maintaining the normal
physiological function of the liver and in anti-hepatoma
activity [25-27]. Se also participates in the regulation of
fish liver inflammatory disease by affecting the expression
of inflammatory factors [28], and Se deficiency was found
to initiate inflammation by activating the NF-kB pathway
through multiple mechanisms in pig liver [21]. However,
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compared with the control group). G Western blotting for the tagged
protein in the calf liver. C, control group; -Se, selenium group.
Results are presented as meanz+SD. Statistical significance was
obtained by unpaired Student’s ¢-test

the mechanism by which Se deficiency affects the calf liver
is not fully understood. In the present study, we analyzed
the morphological damage caused by Se deficiency as
well as the mechanisms of apoptosis induced by this defi-
ciency. Pathological examination revealed that Se deficiency
induced inflammation in the calf liver. Our study also con-
firmed that Se deficiency caused oxidative stress and mito-
chondrial dynamic imbalance and affected energy metabo-
lism, which may be related to the induction of apoptosis and
the subsequent damage to the liver.

As an essential trace element, Se plays several impor-
tant roles in the body, such as improving immunity and
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increasing anticancer ability [29, 30]. It is widely known that
Se is a component of glutathione peroxidase (GSH-Px). A
sufficient amount of Se can promote GSH-Px to effectively
convert H,O, into water. GSH is a substrate of GSH-Px in
the detoxification reaction of hydroperoxides, which is also
a signal of oxidative stress [31]. Se is also a component of
SOD, which can eliminate ROS. A previous study showed
that a Se-deficient diet decreased GSH-Px activity and sig-
nificantly increased the levels of MDA and ROS, resulting
in severe cardiac dysfunction in Wistar rats [32]. Gao et al.
found that Se deficiency induced a significant increase in
MDA content and restrained the activities of SOD and CAT
in the head kidney of fish [33]. In the present study, we
found that Se deficiency-induced oxidative stress by reduc-
ing the activities of the antioxidant enzymes SOD, CAT, and
GSH-Px, leading to the accumulation of MDA and H,0, in
the calf liver.

Mitochondria, as the main area for cells to conduct aero-
bic respiration, play an important role in the regulation of
oxidative stress and cell death [34]. A study showed that
Se can protect the kidney from the toxicity of the heavy
metal lead by restoring mitochondrial function [35]. Mito-
chondria are one of the most sensitive organelles to various
injuries. To adapt to different physiological functions and
the energy needs of different parts of the cell, mitochon-
dria continuously undergo fission and fusion to maintain
their normal morphology and function [34]. Drpl and fisl
regulate mitochondrial fission, whereas mitofusin 1 (Mfnl),
Mfn2, and Opal play important roles in mitochondrial
fusion [36]. A previous study showed that Se upregulated
the expression of Mfnl, Mfn2, and Opal to maintain mito-
chondrial dynamic balance to protect chicken kidney from
damage due to lead [37]. The results of our present study
also showed that Se deficiency induced excessive fission of
mitochondria by upregulating the related expression of Drpl
and fis1 and reduced mitochondrial fusion by downregulat-
ing the related expression of Mfn2 and Opal in calf liver
tissues. In addition, as the main site to supply energy to
cells, once mitochondria are damaged, the energy metabo-
lism of the organism may become dysfunctional. ATPase
activity in myocardial tissues was found to decrease after
mitochondrial dynamic balance was disrupted [24]. In the
present study, we found Se deficiency reduced the activ-
ity of ATPase, including Na*-K*-ATPase, Ca’*-ATPase,
and Ca’*-Mg**-ATPase. Several enzymes are involved in
the process of energy metabolism, including PDHX, which
plays an important role in mitochondrial respiratory metabo-
lism. Both LDH and PK are functional enzymes involved
in the process of glycolysis and are crucial in the energy
metabolism of organisms. In our present study, we found
that the mRNA and protein expression levels of LDH, PK,
and PDHX in the liver tissues of Se-deficient calves were
significantly lower than those in normal calves.

It is known that mitochondria play an important role in
the process of apoptosis. After the mitochondrial injury,
CytC is released into the cytoplasm, which can activate
downstream caspases and cause a series of cascade reac-
tions, leading to the induction of apoptosis. Mitochondrial
dynamic imbalance leads to mitochondrial fragmentation
and structural damage, resulting in the release of CytC
[38]. bcl2 is an oncogene with an antiapoptotic effect,
which can combine with the pro-apoptotic gene bax to
form a dimer and lose its function. The fas gene, as one
of the tumor necrosis factor receptor (TNFR) superfam-
ily genes, can recruit fas-associated protein with death
domain (FADD) and then interact with caspase 8 to cause
the subsequent cascade reaction, finally leading to apop-
tosis [39]. A previous study showed that an appropriate Se
supplement could significantly protect against testicular
toxicity caused by venlafaxine hydrochloride by decreas-
ing the expression of bax, Cas9, and Cas3 and enhancing
the expression of bcl2 [40]. Another study showed that
synthesized Se nanoparticles prevent melamine-induced
injury in rat kidney by restoring antioxidant functions and
altering the relative expression of apoptosis-related genes
such as bax, Cas3, bcl2, and fas [41]. Yao et al. reported
that Se deficiency induced apoptosis by upregulating the
related expression of Cas3 and downregulating the related
expression of bcl2 in the chicken liver [42]. The findings
of our present study are consistent with those of the previ-
ous study, suggesting Se deficiency disrupted the dynamic
balance of mitochondria; induced apoptosis by enhancing
the expression of pro-apoptotic genes, including CytC,
Cas3, Cas9, bax, fas, and Cas8, and eventually led to calf
liver injury.

High levels of oxidative stress and inflammation are
mutually linked and participate in a self-perpetuating
vicious circle. NF-xB, an important factor in inflammatory
response and immune response, regulates the expression
of many genes, including TNFa and IL-1f [43]. IL plays
an important role in immune regulation and inflammatory
response[44]. A previous study showed that the levels of
IL-1p and IL-6 increased with the increase in Se concentra-
tion in mice mastitis caused by Staphylococcus aureus [45].
Another study showed that Se deficiency-induced oxidative
stress by increasing ROS and triggering the overproduction
of TNFa and IL-1f [7]. Interestingly, the interleukin family
has anti-inflammatory factors such as IL-4 and IL-10. IL-4
can reduce TNF-a expression and enhance IL-10 expression
and thus play an anti-inflammatory role [46]. IL-10 is a rec-
ognized anti-inflammatory and immunosuppressive factor,
and the loss of IL-10 can increase the expression of IL-6
and aggravate the inflammatory process [47]. In the present
study, we found Se deficiency enhanced the related expres-
sion of IL-1p, IL-6, NF-kB, and TNF« in calf liver tissues.
We also tested some anti-inflammatory genes such IL-4
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and IL-10 and found that the expression of these genes was
decreased in calf liver under the condition of Se deficiency.

In conclusion, we demonstrated that Se deficiency-
induced oxidative stress and led to a mitochondrial dynamic
imbalance in calf liver tissues, resulting in a decrease in
the level of energy metabolism followed by apoptosis and
inflammatory response. Accordingly, this study provides
valuable clues for understanding the mechanism of Se defi-
ciency-induced injury in domestic animals and serves as a
reference for research on the mechanism of liver injury in
domestic animals.
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