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Abstract

Piroxicam is used to treat the pain, swelling, and stiffness associated with osteoarthritis and rheumatoid arthritis, but it has
many side effects, such as hypertension, elevation of liver enzymes, and hepatitis. This study used selenium-enriched probiot-
ics to reduce the side effects of piroxicam on the liver and kidney tissues and functions. Forty-eight male albino mice were
randomly assigned to control, piroxicam (P), piroxicam plus selenium-enriched Lactobacillus plantarum PSe40/60/1 (P + SP),
piroxicam plus selenium-enriched Bifidobacterium longum BSe50/20/1 (P + SB), selenium-enriched L. plantarum PSe40/60/1
(SP), and selenium-enriched B. longum BSe50/20/1 (SB) groups. In this study, the function of the liver and kidney was bio-
chemically determined; the histopathology of the liver and kidney tissues was microscopically examined and the expression
of inflammatory and anti-inflammatory genes in liver and kidney tissues was determined by quantitative real-time polymerase
chain reaction (QRT-PCR). Liver and kidney functions were significantly reduced in the piroxicam group compared with
control. Liver and kidney tissues were damaged in the piroxicam group while they appeared more or less normal in the SB
group. The expression of inflammatory genes was significantly up-regulated in the liver and kidney tissues of the piroxicam
group compared to the control group. The expression of anti-inflammatory genes was significantly down-regulated in the
liver and kidney of the piroxicam group and up-regulated in the liver and kidney of the SB group compared to the control
group. Therefore, these mutated strains of probiotics were useful in reducing the side effects of the piroxicam drug on the
liver and kidney.
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Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) are a class
of pharmaceuticals used to treat inflammatory diseases such
1 Cell Biology Department, Biotechnology Research Institute, as rheumeilt.oid arthritis’,OSteO?Ithriti,S’ and Oth,e r inflamma-
National Research Centre, Dokki, Giza, Egypt tory conditions by reducing pain and inflammation (common
symptoms in COVID-19 patients) by inhibiting cyclooxyge-

nase enzymes (Ghlichloo and Gerriets 2022). These medi-
cines are anti-inflammatory, analgesic, and antipyretic and
are commonly used to treat non-specific fever disorders
(Shekelle et al. 2017). More than 100 million NSAIDs are
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administered worldwide (Aithal 2011), and they have been
linked to liver damage (Benesic and Gerbes 2015). Among
all NSAIDs, piroxicam belongs to the oxicam group that
treats pain and inflammation, as well as symptoms related to
rheumatoid arthritis, ankylosing spondylitis, and musculo-
skeletal disorders (van den Bekerom et al. 2015). Piroxicam
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has recently acquired popularity as a treatment for tumors,
invasive bladder cancer, and colorectal cancer (Ronald
2002). Despite its extensive usage, it has a number of nega-
tive side effects, including severe gastrointestinal toxicity,
ulcerogenic gastropathy, renal hemostatic abnormalities
(Harirforoosh et al. 2013), proteoglycan production from
chondrocytes, fetotoxicity, and other prostaglandin-depend-
ent activities (Sriuttha et al. 2018). Piroxicam’s mode of
action, like that of other NSAIDs, is to reduce prostaglan-
din production by inhibiting the cyclooxygenase enzyme
through competitive antagonism with arachidonic acid
(Chaiamnuay et al. 2006). As a result of limiting prostaglan-
din production, gastroprotective mucin secretion is reduced
indirectly, increasing the risk of ulcers.

The liver’s important responsibilities in drug process-
ing make it vulnerable to toxicity. There is a risk of liver
harm since piroxicam is metabolized in the liver. As a result,
hepatic dysfunction and failure develop. This example has
been shown to have negative effects on renal function,
including salt retention, changes in estimated glomerular fil-
tration rate (¢éGFR), and blood pressure elevation (Lafrance
and Miller 2009). However, the link between NSAID usage
and the risk of chronic kidney disease (CKD) has remained
unclear (Nderitu et al. 2013). Furthermore, despite being one
of the most susceptible populations prone to the develop-
ment of CKD or end-stage renal disease, nothing is known
regarding the impact of NSAID usage on CKD in hyper-
tension patients (Gooch et al. 2007). Currently, only a few
studies have been undertaken to look at the link between
NSAID usage and CKD with hypertension through oxidative
stress to produce its damaging effects on the liver and kidney
(Levey and Coresh 2012).

Tumor necrosis factor-a (TNF-a) has a vital role in regu-
lating biological functions and pro-inflammatory responses
(Aggarwal et al. 2012). Tumor necrosis factor superfamily
member 11 (TNFSF11) regulates osteoclast-induced bone
resorption and has been found in inflammatory and syno-
vial fibroblast cells isolated from rheumatoid arthritis (RA)
patients’ synovial fluid (Fuller et al. 1998; Tanaka 2018).
The CKD-enhanced low level of a Klotho expression in
the parathyroid glands reduces the functionality of the o
Klotho/FGFR complex for FGF23 signaling (Kawakami
et al. 2017). It is also known that FGF23 is increased from
the early stage in patients with chronic kidney disease (Gos-
wami 2016). The expression of osteopontin (Opn), vimentin
(Vim), neutrophil gelatinase-associated lipocalin (Ngal), and
kidney injury molecule 1 (Kim-1) genes increased signifi-
cantly in the CKD model mice (Koppe et al. 2015).

Certainly, probiotics are gaining more and more inter-
est as alternatives to antibiotics or anti-inflammatory drugs.
Also, probiotics have a great and wonderful role in remov-
ing the side effects of harmful and dangerous substances,
and therefore, they were used to remove the harmful side
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effects of a high dose of piroxicam (which injured the small
bowel, leading to great interest in the pathophysiology and
treatment of piroxicam-induced small intestinal, liver, and
kidney damage). For example, but not limited to, Verma
and Shukla (2014) looked at the effect of supplementing
with Lactobacillus rhamnosus GG, Lactobacillus casei,
Lactobacillus Plantarum, Lactobacillus acidophilus, or
Bifidobacterium bifidum for 7 weeks on DMH-induced
colon. In DMH-mediated CRC-generated rats, supplemen-
tation with L. rhamnosus GG or L. acidophilus successfully
decreased the generation of aberrant crypt foci (ACF) and
p-glucuronidase activity. Supplementation of L. plantarum
or L. casei reduced nitro-reductase activity in DMH-medi-
ated CRC-induced rats, whereas supplementation of B. bifi-
dum reduced glucuronidase activity. The growth of CT26
cells was significantly reduced in BALB/c mice treated with
L. plantarum for 14 days compared with L. rhamnosus (Hu
et al. 2015). Sharaf et al. (2018) used L. rhamnosus GG
MTCC # 1408 and/or L. acidophilus NCDC # 15 in reduc-
ing the tumor burden and multiplicity of the tumor induced
by celecoxib for 18 weeks in rats. Therefore, piroxicam’s
involvement in the etiology of liver and renal disease is still
debated. Here, we investigated the impact of consumption
of a high dose of piroxicam on the liver and kidney using a
mouse model of under-feeding with selenium-enriched Lac-
tobacillus plantarum and Bifidobacterium longum mutants.

Materials and methods
Animal

The experimental procedure used in this investigation
was approved by the Animal Care and Use Committee of
National Research Centre in Egypt. In this study, 48 male
mice (Albino) were housed separately in cages that were
kept at 22 +2 °C, 50% humidity, and a 12 h light/dark cycle.
These mice were bought from Animal House at the National
Research Centre, Egypt, when 2-week-old and weighed
22-26 g.

Preparation of selenium-enriched mutant strains

The two mutated probiotic strains (Lactobacillus plantarum
PSe40/60/1 and Bifidobacterium longum BSe50/20/1) were
obtained from the Applied Microbial Genetics Lab., Genet-
ics and Cytology Dept., the National Research Centre, in
Dokki, Cairo, Egypt. The selenium-resistant fast-growing
EMS-mutants were cultivated in MRS for 24 h and then
added selenium (IV) oxide (100 ppm). Under the same con-
ditions, the flasks were incubated for another 24 h. After
being centrifuged for 5 min at 6000 rpm (200 ppm) for
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5 min, 7.5 10% mL of mice drinking water containing piroxi-
cam or not were suspended (Khattab et al. 2022).

Experimental design

For 6 weeks, the control group received a normal diet, and
the piroxicam (P) group received 0.8 mg of piroxicam/kg
body weight daily. During the first week, the P+ SP and the
P+ SB groups received 0.8 mg of piroxicam/kg body weight
daily, followed by 5 weeks of mutants of PSe40/60/1 and
BSe50/20/1 enriched with selenium, respectively, as well
as 0.8 mg of piroxicam. In the SP group, selenium-enriched
PSe40/60/1 mutants were administered. Finally, The SB
group received a selenium-enriched BSe50/20/1 mutant.
The drug and probiotics were given to mice through drink-
ing water (200 ppm drug and 10 mL of bacterial suspen-
sion/1000 mL of H,0).

Biochemical analysis

Urea, creatinine, bilirubin, serum glutamic oxaloacetic
transaminase (SGOT), serum glutamic pyruvic transaminase
(SGPT), and alkaline phosphatase (ALP) were measured in
serum at 546 nm using commercial diagnostic kits by a spec-
trophotometer (Shimadzu model UV-240).

Measurement of inflammatory immunoglobulin
and cytokines in serum

Specific Elisa kits (Genorise Scientific, Inc) was used to
determine level of IgG, IgM, IL-22, and tumor necrosis fac-
tor (TNF-a) in serum of the six groups.

Liver and kidney histopathology

The samples of liver and kidney tissues were fixed in 10%
neutral buffered formalin and stained with hematoxylin and
eosin (H&E). Light microscopy was used in histopathologi-
cal analysis, and then photomicrographs were taken.

Gene expression

The easy-RED reagent (iNtRON Biotechnology, Korea) was
used to extract total RNA from the liver and left kidneys
according to the manufacturer’s instructions. NanoDrop
spectrophotometer (Thermo Fisher Scientific, USA) was
used to measure the quantity and purity of RNA. The cDNA
was built from total RNA using the Topscript™ RT Dry-
MIX (Cat. # RT220, Korea) according to the manufacturer’s
instructions. Primer sequences of TNF-a, TNFSF11, FAS,

Table 1 Sequence of primers

Gene Accession no. Nucleotide sequence 5'-3’ Size (bp)

TNF-a NM_001278601.1 F-ATCCGCGACGTGGAACTG-3' 70
R-ACCGCCTGGAGTTCTGGAA-3’

TNFSF11 NM_011613.3 F 5-GGGGGCCGTGGAGAAGGAAC-3' 112
R 5-CTCAGGCTTGCCTCGGTGGG-3'

FAS NM_001146708.1 F 5-CTGCCTCTGGTGCTTGCTGGC-3’ 267
R 5-ACCCCACCCCCTTCTCCCAAT-3'

IL-22 NM_016971.2 F 5-TGCGATCTCTGATGGCTGTC 256
R 5-CCTCGGAACAGTTTCTCCCC

Opn NM_001204203.1 F 5-TCCAAAGAGAGCCAGGAGAG-3' 66
R5-GGCTTTGGAACTTGCTTGAC-3'

Vim NM_011701.4 F 5-CTGCACGATGAAGAGATCCA-3' 132
R5-AGCCACGCTTTCATACTGCT-3

Ngal NM_008491.1 F 5-GAAATATGCACAGGTATCCTC-3' 124
R5-GTAATTTTGAAGTATTGCTTGTTT-3'

Kim-1 NM_001166632.1 F5-CTGGAATGGCACTGTGACATCC-3' 112
R 5-GCAGATGCCAACATAGAAGCCC-3'

aKlotho NM_013823.2 F 5-CCCGATGTATGTGACAGCCAATGG-3' 175
R 5-CTTGGGAGCTGAGCGATCACTAAG-3

Bactin NM_007393.5 F 5'-GGCACCACACCTTCTACAATG-3' 74

R 5'-GGGGTGTTGAAGGTCTCAAAC-3’
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IL-22, Opn, Vim, Ngal, Kim-1, a-kolotho, and f-actin genes
were synthesized by Macrogen Co., Ltd., Korea (Table 1).
Real-time quantitative PCR (RT-qPCR) analysis was car-
ried out on the AnalytikJena qTOWER3G Real-Time PCR
System in a 20 pL reaction volume containing 1 pL cDNA,
0.5 pL of forward primer (10 pM) and 0.5 pL of reverse
primer (10 pM), 10 pL of QuantiNova SYBR Green PCR
kit (catalog no.:208052, Qiagen, Germantown Rd, German-
town, United States) and 8 pLL of DNAse-free water. The rel-
ative expression levels of genes normalized to f-Actin were
calculated using the 2744t method (Livak and Schmittgen
2001).

Statistical analysis

The collected data from biochemical analysis and gene
expression were analyzed using a one-way ANOVA test
(SPSS program version 18.0). The Duncan test was used to
estimate the significance of the differences between means
at P<0.05.

Results
Biochemical analysis

Urea, creatinine, and bilirubin levels were significantly
increased in serum of the piroxicam group compared with
the control group. Serum glutamic oxaloacetic transaminase
(SGOT), Serum glutamic pyruvic transaminase (SGPT), and
alkaline phosphatase (ALP) were significantly increased in

the piroxicam group compared with the control group. The
level of these components in the serum of the SB group had
no significant difference from the control group (Table 2).

Serum inflammation and cytokines

In this study, levels of IgG and IL-22 significantly reduced
in serum of the Piroxicam group compared with the con-
trol group. While, levels of IgM and TNF-a significantly
increased in serum of Piroxicam group compared with the
control group. In contrast, levels of 1gG and IL-22 were
recorded as the highest values in SB group, while levels of
IgM and TNF-a were recorded as the lowest values in SB
group (Table 3).

Histopathology examination

The normal histological features of the hepatic lobule were
observed in the control group. The central vein and sur-
rounding hepatocytes associated with round nuclei and
hepatic sinusoids lined with Kupffer cells were noted in the
control group (Fig. 1a). Congested portal tracts associated
with cellular infiltrations and vesicular degeneration were
found in the piroxicam group (Fig. 1b, c). The hepatic lob-
ules appeared less than the normal form in both the P+ SP
and P+ SB groups (Fig. 1d, f). A few vesicles were observed
in the SP group. Furthermore, the portal tract exhibited
nearly the normal structure (Fig. 2a, b). Examination of sec-
tions of the liver of the SB group showed both the hepatic

Table 2 Biochemical analysis

f ih Control Piroxicam P+SP P+SB SP SB

or sexua ormones
Urea 289+0.2 528+0.4 35°+0.1 31°+0.2 30°+0.2 289+0.2
Creatinine ~ 0.759+0.04  1.69°+0.05 0.96°+0.05 0.87°+0.06 0.84°+0.07 0.79Y+0.05
Bilirubin 0.45°+0.05 0.75°+0.06  0.65°+0.05 0.57°+0.07  0.55°+0.04 0.59+0.06
SGOT 76°+0.4 295*+0.6 165°+0.5 105°+0.4 804+0.3 76°+0.3
SGPT 26°+0.2 29°+0.2 27°+0.3 26°+0.4 26°+0.1 25%4+0.1
ALP 724403 928 +0.4 79°+0.2 75°+0.1 724+0.1 719+0.1

All data are expressed as the mean + SEM. * % ¢ % ¢yalyes within a row with different superscripts differ

significantly at P < 0.05

Table 3 ELISA analysis of

. Control Piroxicam P+SP P+SB SP SB
1gG, IgM, TNF-a, and IL-22 in
serum IgG (pg/mL) 60°+0.2 45°+0.3 559+0.1 64>+02  68°+0.2 74°+0.3
IgM (pg/mL) 709+0.1 180°+0.5 90°+0.4 78403  65°+0.2 587+0.3
TNF-a (pg/mL) 23%4+0.3 160°+0.8 85°+0.4 60°£03 269102 21°40.2
IL-22 (pg/mL) 21%+0.1 17°+0.2 19°+0.2 20°+03  22°+0.1 23+0.1

All data are expressed as the mean + SEM. > © 4 ®yalyes within a row with different superscripts differ

significantly at P < 0.05

@ Springer



Effectiveness of new selenium-enriched mutated probiotics in reducing inflammatory effects... 2101

Fig.1 a A section of liver of
control group showing the nor-
mal histological features of the
hepatic lobule. Note the central
vein (blue arrow), and surround-
ing hepatocytes associated with
round nuclei (arrowhead) and
hepatic sinusoids lined with
Kupffer cells (red arrow), b a
section of liver of piroxicam
group showing vesicular degen-
eration (arrow), ¢ a section of
liver of mice of piroxicam group
showing congested portal tract
(yellow arrow) that associated
with cellular infiltrations around
it (red arrow), d a section of
liver of P+ SP, e a section of
liver of P+ SP group, f a section
of liver of P+ SB group (hema-
toxylin and eosin stain, scale bar
100 pm) (color figure online)

Fig.2 a A section of liver of
SP group. Note few vesicular
degeneration (arrow), b a sec-
tion of of SP group, ¢ a section
of liver of SB group, d a section
of liver of SB group (hematoxy-
lin and eosin stain, scale bar
100 pm)
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Fig.3 a A section of kidney

of control group showing the
normal histological structure
of the Bowman’s capsules with
peripheral squamous epithelium
(yellow arrow), glomeruli (red
arrow), urinary spaces (blue
arrow) and convoluted tubules
(black arrow), b a section of
kidney of Piroxicam group
showing glomerulus hyperemia
(black arrow), granular degen-
eration (red arrow) and inter-
stitial hyperemia (black arrow),
¢ a section of kidney of P+ SP
group, d a section of kidney of
P+ SP group (hematoxylin and
eosin stain, scale bar 100 pm)
(color figure online)

Fig.4 a A section of kidney
of P+SB group, b a section of
kidney of SP group, note mild
glomerulus hyperemia (arrow),
¢ a section of kidney of mice
of SB group, note interstitial
hyperemia (arrow) (hematoxy-
lin and eosin stain, scale bar
100 pm)
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Fig.5 Expression of TNF-a, TNFSF11, FAS, and IL-22 genes in mice liver under the effect of piroxicam drug and mutant strains enriched with

selenium

lobules and portal tracts appeared more or less in normal
form (Fig. 2c, d).

The normal histological structure of the Bowman’s cap-
sules with peripheral squamous epithelium, glomeruli, uri-
nary spaces, and convoluted tubules was observed in the
control group (Fig. 3a). Glomerular hyperemia, granular
degeneration, and interstitial hyperemia were observed in
the piroxicam group (Fig. 3b). The interstitial hyperemia and
cell debris in the lumen of convoluted tubules were observed
in the P+ SP group. No glomerulus hyperemia was found
in this group (Fig. 3c, d). In the P+ SB group, the renal
corpuscles appeared more or less like control (Fig. 4a). The

Bowman’s capsules, glomeruli, urinary spaces, and convo-
luted tubules appeared more or less like normal form. Mild
glomerular hyperemia was noted in the SP group (Fig. 4b).
The glomeruli and renal tubules appeared more or less in
normal form. Interstitial hyperemia was noted in the SB
group (Fig. 4¢).

Expression of inflammatory and anti-inflammatory
genes in liver and kidney

Expression of TNF-a, TNFSF11, and FAS genes was sig-
nificantly up-regulated in the liver of the piroxicam group
compared with the control group. The same genes were

2
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Fig.6 Expression of Opn, Vim, Kim, Ngal, and a-klotho genes in mice kidney under the effect of piroxicam drug and mutant strains enriched

with selenium
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down-regulated in the livers of the SP and SB groups com-
pared with the control group. There were no significant dif-
ferences between control, P+ SP, and P+ SB groups. In con-
trast, expression of the IL-22 gene was down-regulated in
the liver of the piroxicam group and up-regulated in the liver
of the SP and SB groups compared with the control group
(Fig. 5). Expression of Opn and Kim genes was significantly
up-regulated in the kidneys of the piroxicam group com-
pared to the control group. Expression of a Klotho gene was
significantly down-regulated in the kidneys of the piroxicam
group while it was significantly up-regulated in the kidneys
of the SB group compared with the control group (Fig. 6).

Discussion

Recently, probiotics were used as a supplement for reaching
optimal health. However, because there is a lack of research
on using biological methods to prevent the adverse effects
of some of the most commonly used drugs, the goal of this
study was to see if probiotic mutants with high amounts of
selenium uptake are better able to alleviate the oxidative
stress caused by piroxicam in mice. Probiotics may have
high potential when used as a treatment for kidney disease
due to their beneficial effects in reducing inflammation and
uremic toxins, which improve kidney function (Vaziri et al.
2016). Bifidobacterium was able to reduce the levels of
urea nitrogen and ammonia in the blood (Fagundes et al.
2018). Lactobacillus delbrueckii and Sporosarcina pasteurii
hydrolyze urea in vitro and have been shown to be potential
urea-targeted agents for enteric dialysis (Ranganathan et al.
2006). Bacillus pasteurii or Sporosarcina pasteurii reduced
the development of kidney disease and helped to extend the
life span (Néstor et al. 2020). In the present study, levels
of urea, creatinine, bilirubin, Serum glutamic oxaloacetic
transaminase (SGOT), Serum glutamic pyruvic transami-
nase (SGPT), and Alkaline Phosphatase (ALP) were signifi-
cantly increased in the piroxicam group compared with the
control group. In contrast, the previous levels of liver and
kidney functions were reduced in SB group compared with
the control group. These results are consistent with the study
of Pandit et al. (2012). Hussaini and Farrington (2014) docu-
mented the relative rise of ALT and ALP accompanying the
liver injury. Blood urea nitrogen and ammonia levels were
reduced by Bifidobacterium genera (Fagundes et al 2018).
Several studies have revealed that tumor necrosis factor
(TNF-a) gene and tumor necrosis factor superfamily mem-
berll (TNFSF11) gene were up-regulated in inflamma-
tory cells (Aggarwal et al 2012). Another study indicated
that Fas gene has a vital role in delivering death signals to
the immune system (da Fonseca et al 2010). Also, it was
observed that downregulation of the expression of the Fas
gene causes lymphocyte proliferation and autoimmune
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disease (Rieux-Laucat et al 1995). Increasing the IL-22
expression in intestinal mucosa has enhanced intestinal
repair. Moreover, IL-22 deficiency can change the intestinal
microbiota, thus worsening disease severity (Pickert et al
2009; Zenewicz et al 2013). Some investigations on mice
indicated that overexpression of Opn, Vim, Ngal, and Kim-1
genes were associated with chronic kidney disease (Koppe
et al 2015). In contrast, the expression of o Klotho gene was
significantly reduced in the CKD model mice (Goswami
2016).

The present study showed that the liver vesicles were
degraded, and a clogged portal accompanied by piroxicam-
induced cellular infiltration was revealed. Hepatic lobules
were observed less or more than normal in the P-SP and
P-SB groups. These findings support our previous findings
that oxidative stress caused increased damage to the liver
and kidney tissues in a mouse model via Piroxicam toxic-
ity, as well as the role of probiotics in overcoming these
damages (Bindu et al. 2020; Liu et al. 2020). Also, L. plan-
tarum is involved in the anti-inflammatory activity which
increases interleukin production by reducing the secretion
of pro-inflammatory cytokines (Noh et al. 2015).

The results of the expression of TNF-a, TNFSF11, FAS,
Opn, and Kim genes showed a significant increase in the
piroxicam group and a significant reduction in the BS group.
While expression of IL-22 and o Klotho genes showed a
significant reduction in the piroxicam group and a signifi-
cant increase in the BS group. This clear change in gene
expression reflects the role of probiotics in restoring balance
in gene expression, especially in genes responsible for the
proper functioning of the liver and kidney in mice. There is a
lot of research supporting this trend, and it strongly supports
the extensive use of probiotics to maintain optimal health
even under difficult stresses, such as the side effects of many
therapeutically important drugs. In mice, selenium-enriched
Bifidobacterium longum reduced ulcerative colitis (UC) and
was associated with TNF- and IL-6 gene down-regulation
and IL-2 and IL-10 gene up-regulation (Khattab et al. 2022).
Also, treatment with probiotics (L. rhamnosus MTCC 5957,
L. rhamnosus MTCC 5897, L. fermentum MTCC 5898,
and L. rhamnosus GG) similarly improved liver Pepck and
G6pc gene expression (Dang et al. 2018; Verma and Shukla
2014; Kim et al. 2013). Furthermore, L. plantarum therapy
reduced the expression of FAS and TNF-a genes (Balaku-
mar et al. 2018; Soundharrajan et al. 2020). Treatment of
cholesterol-treated cells with L. plantarum AR113 or L.
casei pWQHO1 decreased the expression of SREBP-Ic,
ACC, FAS, and TNFa gene, and increased the expression of
AMPK and PPARa gene (Huang et al. 2020). Moreover, L.
plantarum YYC-3 had reduced expression of the inflamma-
tory cytokine interleukin IL-22 gene (Yue et al. 2020). The
present study showed that expression of inflammatory genes
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was reduced while expression of anti-inflammatory genes
was increased in the SB group in liver and kidney tissues.
Therefore, the selenium-enriched BSe50/20/1 mutant strain
is useful for limiting the side effects of the piroxicam drug.

Conclusion

This study contributes to our understanding of the criti-
cal cause incidence of liver and kidney injury resulting in
administration of high-dose of piroxicam drug. Our data
suggest that high-dose piroxicam medication shifts the bio-
chemical parameters of liver and kidney function and causes
vesicular degeneration in liver tissue and causes glomerular
hyperemia, granular degeneration, and interstitial hyperemia
in the kidney. The selenium-enriched BSe50/20/1 mutant
can repair liver and kidney damage, improve liver and kid-
ney function, reduce expression of inflammatory genes, and
increase expression of anti-inflammatory genes in the liver
and kidney.
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