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1 | INTRODUCTION

Gentamicin (GNT), a type of aminoglycoside, is considered the most
vital antibiotic agent against a variety of species, particularly those
that are resistant to other antibacterials. It is operative against
gram-negative and inadequate gram-positive organisms. It is among
the earliest and best-known remedies for a number of bacterial
diseases—such as bone, chest and urinary tract infections—pelvic in-
flammatory diseases, meningitis and sepsis. GNT is regarded by the
WHO as being of vital importance for human medicine and is listed
as one of the essential medicines.!

It functions by impeding the bacterial capacity to produce pro-
teins, which usually results in bacterial death. Before being excreted
in the kidneys via glomerular filtration, GNT is transported basically
unaltered throughout the extracellular space instead of being me-
tabolized. Potentially harmful side effects, most frequently ototox-
icity2 and nephrotoxicity,3 place restrictions on its use. According
to Abdollahi et al.,* GNT may have an impact on the salivary glands.

In humans, there are 10 members of the large family of trans-
membrane recognition proteins known as Toll-like receptors (TLR). It
is crucial to the detection of pathogens and the activation of innate
immunity. They are capable of identifying the pathogen-associated
molecular patterns that are expressed on infectious pathogens and
facilitating the synthesis of the cytokines required for the maturation
of functional immunity. TLR4 has recently been shown to be crucial
for triggering the inflammatory response. When it is activated, an
intracellular signalling pathway of proinflammatory cytokines, such
as nuclear factor-kappa B (NF-«kB), tumour necrosis factor (TNF), and
interleukin-1 (IL-1), is stimulated.”

The human transient receptor potential canonical or classical
(TRPC1) protein comprises functional nonselective cationic chan-
nels with high calcium permeability. These channels are widely ex-
pressed in different human tissues and cell types. By supplying the
Ca?" influx pathway or depolarizing the membrane potential, they
are an important factor in the control of intracellular calcium.® These
ion channels are therefore prospective targets for drugs to treat dis-
eases like cancer, epilepsy, pain, arthritis and cardiac remodelling.7

The acinar and ductal cells of the salivary gland are thought to
secrete fluid mostly in response to TRPC1. When TRPC1 is damaged,
the endoplasmic reticulum (ER) Ca?" level drops, salivary gland cells
die and C/EBP homologous protein (CHOP) expression rises.®

Diacerein (DIA), a novel analgesic, antipyretic and anti-
inflammatory medication created specifically for the treatment of
osteoarthritis, is a derivative of anthraquinone. DIA works by pre-
venting human monocytes from producing IL-1. By triggering NF-
kB and mitogen-activated protein kinase signalling, interleukin-1, a
pro-inflammatory and pro-apoptotic substance, stimulates the pro-
duction of cytokines. DIA has been shown to significantly reduce

inflammatory damage by downregulating the interleukin-1 beta (IL-
1p) receptor,’” as well as inhibiting the production of nitric oxide in-
flammatory cytokines such as IL-18 and TNF-a and preventing the
TLR4/NF-kB-mediated signalling pathways.10

Salivary glands have become a valuable research tool to inves-
tigate some fundamental issues in physiology, pathology and phar-
macology, including protein synthesis, salt and water transport and
autonomic nerves and receptor pharmacology.!* Even though GNT
is frequently used in anti-infectious therapy, its negative effects on
the salivary glands have not received enough attention. As a result,
we were curious to explore the potential protective role of DIA
against the effects of GNT, a commonly used antibiotic, on the rat
parotid glands, with a focus on the TRPC1/CHOP and TLR4 signal-

ling pathways, as well as the likely mechanisms mediating its impact.

2 | MATERIALS AND METHODS

2.1 | Ethics

Rats' processing and therapy were done in accordance with the
Institutional Ethical Committee's (Faculty of Medicine, Minia
University, Egypt) guidelines for the care of experimental animals,
as well as the National Institutes of Health's (NIH) Guide for the care
and use of laboratory animals (Approval number: 398:2022).

2.2 | Drugs and chemicals

DIA was purchased from EVA pharma, GNT, a pharmaceuti-
cal ampoules (20mg) preparation, was purchased from Memphis
Pharmaceutical & Chemical Industries, TRPC1 and CHOP ELISA
kits were obtained from Wuhan Fine Biological Technology Co.,
Catalogue No. EH4284 and MyBioSource Co., Catalogue No.
MBS3808179, respectively. Tumour necrosis factor alpha (TNF-a)
(Catalogue No. BMS622) ELISA kits were obtained from Thermo
Fisher Scientific Inc. NF-xB and Myd88 ELISA kits were purchased
from ELISA Genie Co. Catalogue No: SKU: RTFI00988 and SKU:
RTFI013083, respectively. Caspase-3 ELISA kits from MyBioSource,
Catalogue No. MBS261814. Total antioxidant capacity (TAC) com-
mercial kits from Biodiagnostic, Catalogue No. TA 25 13.

2.3 | Animals and experimental design

Thirty-two male Wistar rats weighing 220-250g, aged 7-10 weeks,
were acquired from the National Research Center. Rats were left for
acclimatization in their cages (4 rats/cage) in a normal light-dark cycle
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with free access to tap water and a normal diet (EI-Nile Company) for
10days before initiating the experiment.

Animals were assigned into four experimental groups (8 rats/
group):

Group 1 (Control group): received vehicles.

Group 2 (DIA group): received diacerein 50mg/kg/day for 8 days

p.o.12

Group 3 (GNT group): received 100 mg/kg, i.p. for 8 days.'

Group 4 (GNT+DIA group): received 100mg/kg, i.p., with diace-
rein 50mg/kg/day, p.o for 8days.

DIA dissolved in 1% carboxymethylcellulose (1% CMC) and
freshly prepared before use.*?

2.4 | Sample collection

At the end of the experiment, the salivary flow rate was determined.
Under the effect of anaesthesia with urethane hydrochloride (1g/
kgi.p.), salivation was stimulated by pilocarpine (1.0mg/Kg body
weight, i.p.), which was dissolved in distilled water, and the saliva
that was produced was dripped in plastic tubes and maintained on

ice during all the saliva collection period (40 min).**

Then, rats were
sacrificed, and blood was collected from the abdominal aorta of the
rats in heparinized syringes. It was then centrifuged at 4000x g for
15min (Janetzki T30 centrifuge). Then, sera were kept at -80°C for
biochemical analysis. The parotid glands were excised and rinsed
with saline to eliminate any blood. A part was fixed for histologi-
cal studies. The other part was homogenized in ice-cold phosphate
buffer (0.01M, pH7.4; 20% w/v) with a glass homogenizer on ice (tis-
sue weight (g): phosphate buffer (mL) volume=1:5). The homogen-
ate was centrifuged for 15min at 5000 rpm, and the supernatant was

stored at -80°C to measure the biochemical parameters.

2.5 | Biochemical analysis

2.5.1 | Assessment of oxidative stress parameters
Malondialdehyde (MDA) is an index of lipid peroxidation. It was
measured using the thiobarbituric acid method, and the sample ab-
sorption was determined at 535nm.*’

According to the previously prescribed method of Marklund and
Marklund,*® one unit of superoxide dismutase (SOD) is equal to the
amount of enzyme that prevents pyrogallol autoxidation by 50%. A
spectrophotometer was used to measure enzyme activity at 420nm.

TAC was estimated by colorimetric kits according to the manu-
facturer's instructions.

2.5.2 | Assessment of TRCP1 and CHOP levels

Parotid TRCP1 and CHOP levels were measured using ELISA Kkits,
following the manufacturer's instructions. In CHOP, the colour of

the tubes changed from blue to yellow, and the optical density was
read at 450nm within 15min. In TRCP1, the colour turned yellow
immediately, and the optical density was read at 450 nm after adding

the stop solution.

2.5.3 | Assessment of inflammatory and
apoptotic parameters

TNF-, NF-B, and caspase-3 levels were measured using ELISA kits as
directed by the manufacturer.

2.6 | Western blotting of TLR4 and cleaved
caspase-3

Regarding western blotting, parotid gland homogenates (30ug of
total proteins) were heated for 5min with loading buffer, then placed
on 12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) which was then exposed to running at 100V for 2h.
Separated proteins were carried to polyvinylidene fluoride (PVDF)
membranes and subjected to blocking for 1h in a Tris-buffered
saline (TBS-T) blocking solution. Incubation with primary antibod-
ies (1:1000) for rabbit anti-TLR4 and anti-C caspase-3 antibodies
(Catalogue No. ab13556, ab32042, Abcam, respectively) and B-actin
(Santa Cruz Biotechnology, Santa Cruz) overnight at 4°C then sec-
ondary antibody of polyclonal goat anti-rabbit immunoglobulin (Cell
Signaling Technology Inc.) was used at a dilution of 1:5000 in block-
ing buffer. Bands were seen by chemiluminescence and quantified
using a luminescent image analyser (LAS-5000, Fujifilm Co.). Bands
of separated proteins were quantified after being normalized to -

actin relative to the normal control group using ImageJ software.

2.7 | Histological study

Specimens from the parotid gland were fixed, then dehydrated,
cleared and embedded in paraffin. Sections with a thickness of 5um
were cut and stained. Sections were examined blindly. The inflam-
mation was scored from O to 3. A score of O indicates no inflamma-
tion; a score of 1 indicates mild inflammation with no foci; a score
of 2 indicates moderate inflammation and one focus. A score of 3

indicates severe inflammation and more than one focus.'”

2.8 | Immunohistochemical staining

Immunohistochemistry for IL-1p was performed on paraffin-
embedded tissue according to the manufacturer's protocol.
Endogenous peroxidases were quenched by using 3% H,O,. Then
sections were washed and incubated with monoclonal anti-IL-1f;
Catalogue No. YMA1156 (1: 200) (Chongging Biospes Co.). After
washing with PBS, sections were incubated with the secondary
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antibody HRP Envision Kit (DAKO) 20 min, incubated with diamin-
obenzidine (DAB) for 10min, and counterstained with haematoxy-
lin. The mean area fraction for expression was measured using the

image J-22 program.

2.9 | Statistical analysis

All values were expressed as mean+SEM. The statistical analyses
were conducted using GraphPad Prism (version 5.0). Analysis of
variance (anova) for multiple comparisons, followed by the Tukey-
Kramer test as a post-anova test, was used for data analysis. The re-

sults were considered statistically significant if p<0.05.

3 | RESULTS
3.1 | Effect of DIA on biochemical parameters in
GNT-induced parotid toxicity in rats

The GNT group showed significantly decreased parotid SOD and
serum TAC with increased parotid MDA when compared to the
control and DIA groups. Meanwhile, the GNT+DIA co-treated rats
showed significantly improved oxidative stress parameters when
compared to the GNT group (Table 1).

In Figure 1, rats challenged with GNT revealed a significant
decrease in salivary flow rate and parotid TRCP1 level and a signif-
icant increase in parotid CHOP level in comparison to the control
and DIA groups. The GNT+DIA co-treated rats showed a signifi-
cant increase in salivary flow rate and parotid TRCP1 level and a
significant decrease in parotid CHOP level when compared to the
GNT group.

In Table 2, parotid TNF-a, NF-xB, and caspase-3 levels signifi-
cantly increased in the GNT group when compared to the control
and DIA groups. On the contrary, the GNT+DIA group showed a sig-
nificant decrease in the level of parotid TNF-a, NF-kB and caspase-3
when compared to the GNT group.

The GNT group showed a significant increase in parotid TLR4

and C caspase-3 expressions when compared to the control and

Parotid MDA (nmol/g Parotid SOD (U/g
Groups tissue) tissue)
Control 10.65+0.79 291.80+4.82
DIA 11.16+0.79 287.90+6.81
GNT 31.08+1.64%" 153.60+3.787"
GNT+DIA 14.64+1.05° 273.10+6.01¢

Note: Results represent the mean+SEM (8 rats/group).

DIA groups. Meanwhile, when compared to the GNT group, the
GNT+DIA co-treated rats had a significant decrease in parotid TLR4
and C caspase-3 expressions (Figure 2A,B). The mean value of the

inflammation score was expressed as mean+SEM (8 rats/group).

3.2 | Histological examination of the parotid gland
Sections of the parotid in the control and DIA groups had normal
stroma and parenchyma of acini and ducts. In contrast, those of
the GNT group showed abnormal morphology. The CT septa were
thickened with markedly dilated, congested blood vessels and inter-
lobular ducts with stagnant secretion. Marked inflammatory cell in-
filtration was also noticed. Their acini showed variable morphology.
Some appeared distorted with vacuolated cytoplasm, while others
demonstrated luminal accumulations of acidophilic homogenous
material. Meanwhile, sections of the GNT+DIA group appeared
more or less normal despite the presence of mildly congested blood
vessels and mild inflammatory cell infiltration. The mean value of the
inflammation score and the statistical analysis of it were expressed
as mean +SEM (8 rats/group) (Figure 3).

Immunohistochemical staining for II-1p in both the control and
DIA groups showed negative expression of the acini, ducts and blood
vessels. Only scattered connective tissue cells in between the acini
showed positive expression. In the GNT group, positive cytoplasmic
expression was noticed in the acini, ducts and endothelium of the
blood vessels. Meanwhile, in the GNT+DIA group, a faint expression
was observed in some acini and in the endothelium lining the blood
vessels, while the ducts appeared negative. Morphometric studies
and statistical analysis of the mean area fraction of IL-1 immune-
positive cells in the studied groups were expressed as mean+SEM

(8 rats/group) (Figure 4).

4 | DISCUSSION
An antibiotic is a type of antimicrobial substance that is active against
bacteria. It is the most important type of antibacterial agent for fight-

ing bacterial infections, and antibiotic medications are widely used in

TABLE 1 Effect of DIA on oxidative
stress parameters in GNT-induced parotid
toxicity in rats.

Serum TAC
(mmol/L)

6.92+0.33
7.50+0.71
2.29£0.20*°
5.76+0.46°

Abbreviations: DIA, diacerein; GNT, gentamicin; MDA, malondialdehyde; SOD, superoxide

dismutase; TAC, total antioxidant capacity.

Significant (p <0.05) difference from the control group.
bSignificant (p <0.05) difference from the DIA group.
“Significant (p <0.05) difference from GNT.
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FIGURE 1 Effect of DIA on TRCP1,
CHOP levels and salivary flowrate in

£

GNT-induced parotid toxicity in rats.

(A\) Effect of DIA on TRCP1, (B) Effect

of DIA on CHOP, (C) Effect of DIA on

salivary flow rate. Results represent the

mean +SEM (8 rats/group). *Significant

Parotid TRPC1 level
(ng/mg tissue)

(p<0.05) difference from the control

group. bSigniﬁcant (p<0.05) difference

from the DIA group. “Significant (p <0.05)
difference from GNT [CHOP, C/EBP
homologous protein; DIA, diacerein; GNT,
gentamicin; TRCP1, transient receptor
potential canonicali].

TABLE 2 Effect of DIAon
inflammatory and apoptotic parameters in

GNT-induced parotid toxicity in rats. Groups

Control
DIA

GNT
GNT+DIA

(B)
1.54
: s
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Parotid TNF-« Parotid NF-kB Parotid caspase-3

(pg/g tissue) (ng/g tissue) (ng/g tissue)
51.42+4.78 32.66 +2.94 10.73 +0.68
3.95+50.73 33.84 +£3.12 10.67 +0.66
177.60+7.71%° 80.19 +3.89*" 33.90 +2.08%°
63.43+3.66° 36.10 +2.38¢ 12.47 +1.07°

Note: Results represent the mean +SEM (8 rats/ group).

Abbreviations: DIA, diacerein; GNT, gentamicin; NF-kB, Nuclear factor kappa B; TNF-«, tumour

necrosis factor alpha.

Significant (p <0.05) difference from the control group.

bSignificant (p<0.05) difference from the DIA group.
Significant (p <0.05) difference from GNT.

the treatment and prevention of such infections. Gentamycin is an ami-
noglycoside antibiotic derived from Micromonospora purpurea and is
used in the treatment of many types of bacterial infections, particularly
those caused by Gram-negative organisms.18 Despite its wide clinical
use, gentamycin has been reported to cause disturbing toxicity. One
of the effects of this toxicity is the effect of GNT on salivary glands.”

The findings of this study revealed that GNT caused parotid tox-
icity through a variety of mechanisms. Damage to the salivary gland
is caused by an imbalance between oxidative stress, inflammation,
and apoptosis,20 which are induced by GNT, as revealed in our re-
sults. Our study has obviously detected the ability of gentamycin to
induce oxidative stress in rat parotid gland and plasma, as shown by
a significant decrease in parotid SOD and serum TAC levels and a sig-
nificant increase in parotid MDA, an indicator of lipid peroxidation
that results in oxidative instability. These findings are in agreement
with earlier reports.m’22

Superoxide anion (O2) and ROS were produced more readily by
GNT, which led to injury to the salivary glands. ROS damage any

molecules, primarily the polyenoic fatty acids of cell membranes,
through a series of events involving membrane lipid peroxidation
and necrosis.?® The radical scavenging system, which includes SOD
and GSH, helps to stop ROS damage in healthy cells.?* This sup-
ported our findings because of the high ROS emission and the re-
sulting oxidative instability.

Moreover, it has been reported that aminoglycosides change the
activities of antioxidant enzymes such as SOD, CAT, GSH peroxidase
and GST in different tissues.?®> Reduced enzyme activity in the gen-
tamycin group is a generic reaction, not a response unique to one
enzyme, which suggests numerous steps of the antioxidant system
have compromised performance. It was suggested that tissue dam-
age may be caused by aminoglycoside-induced free radical produc-
tion and changes in the activity of antioxidant enzymes.??

By cross-linking with MDA, the increased lipid peroxidation
causes the enzymes to become inactive. This results in an increased
build-up of superoxide, H,O,, and hydroxyl radicals, which may
further encourage lipid peroxidation. According to the study by
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FIGURE 2 Effectof DIAonTLR4

and C caspase-3 protein expressions in
GNT-induced parotid toxicity in rats. (A)
Effect of DIA on TLR4, (B) Effect of DIA
on C caspase-3. Results represent the
mean +SEM (8 rats/group). *Significant
(p<0.05) difference from the control
group. bSignificant (p<0.05) difference
from the DIA group. “Significant (p <0.05)
difference from the GNT group. DIA,
diacerein; GNT, gentamicin; TLR4, Toll-like
receptor 4.
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FIGURE 3 Photomicrographs of haematoxylin- and eosin-stained sections of rat parotid glands of the control (A1 & A2) and DIA (B1 &
B2) groups showed parotid gland normal architecture formed of serous acini (S) with basal basophilia (arrow) and apical granular acidophilic
cytoplasm (*), intralobular ducts (red arrows) in between and thin connective tissue septa (CT) with interlobular duct (D). The GNT group
(C1 & C2) showed thick CT septa (CT) with dilated congested blood vessels (BV), dilated interlobular duct (D) with stagnant secretion and
marked inflammatory cell infiltration (i). The acini appear distorted some with vacuolated cytoplasm (V), others showed accumulation of
acidophilic homogenous material (A). The GNT+DIA group (D1 & D2) showed some congested blood vessels (BV) and mild inflammatory
cells infiltration (i) with normal acini (S) A1, B1, C1, D1 x100 ... A2, B2, C2, D2 x400. The histopathological inflammatory scoring expressed
as mean+SEM (8 rats/group). *Significant (p <0.05) difference from the control group. bSignificant (p<0.05) difference from the DIA group.
Significant (p <0.05) difference from the GNT group done by GraphPad Prism (version 5.0). DIA, diacerein; GNT, gentamicin.
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FIGURE 4 Photomicrographs of sections of rat parotid glands immunostained for IL-1b of (A & B) (control & DIA groups) showed negative
expression except for scattered connective tissue cells in between the acini (arrows). (C1 & C2) The GNT group showed high expression in
the acini (S) and in the endothelium lining the blood vessel (black arrow). Notice faint expression in the cells lining the ducts (red arrows).

(D) The GNT +DIA group showed faint expression in some acini (S) and in the endothelium lining the blood vessel (black arrow). Notice
negative expression in the duct (red arrow). x400. The mean area fraction of IL-1p immune-positive cells in the studied groups expressed as
mean+SEM (8 rats/group). *Significant (p <0.05) difference from the control group. bSignificant (p<0.05) difference from the DIA group.
“Significant (p <0.05) difference from the GNT group. DIA, diacerein; GNT, gentamicin; IL-1p, interleukin-1 beta.

Heeba,?® this mechanism has evidence. The decrease in antioxidant
enzymes may be caused by their quick depletion and weariness from
combating free radicals produced during the progression of parotid
damage.

According to the current study, pretreatment with DIA reduced
the oxidative stress induced by GNT, as evidenced by an increase in
parotid SOD and serum TAC levels and a decrease in parotid MDA
levels, which is consistent with earlier studies that reported the
proper antioxidant capabilities of DIA.22?7 It has been reported that
in female rats with estradiol benzoate-induced endometrial hyper-
plasia and atypia, DIA lowered the uterine MDA level and elevated
the SOD level.?®

GNT induced an increase in inflammatory markers in the current
study, as evidenced by a significant increase in parotid TNF-«, NF-kB

and caspase-3 levelsin the GNT group when compared to the control
and DIA groups. Our findings have been confirmed by histological
examination, which revealed marked inflammatory cells infiltration

1.,%7 also

in the parotid gland tissue of the GNT group. Sharma et a
demonstrated the ability of GNT to increase inflammatory media-
tors. Previous studies, in agreement with our data, reported the cor-
relation of the inflammatory response to GNT in clinical and animal
studies.®%%! Karimi et al.,%? reported that GNT treatment induced a
significant systemic inflammation, which may be linked to the asso-
ciated increase of pro-inflammatory chemokines and cytokines like
TNF-a and IL-1.

Previous research reported that ROS causes apoptosis and in-
flammation in a variety of illnesses, in addition, high levels of NF- kB
controlled the expression of pro-inflammatory cytokines such IL-1p,
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IL-6 and TNF-a.3® On the contrary, NF-xB is a key regulator of the
production of numerous immunomodulatory mediators connected to
oxidative stress.3* The oxidative instability that increases the outflow
of proinflammatory cytokines by activating the redox-sensitive tran-
scription factor is related to the inflammatory response of GNT.%*

Caspases (Caspase-3 is a main enzyme in apoptosis) are acti-
vated and pro-apoptotic proteins are upregulated during apoptosis,
which is also influenced by intracellular Ca?* levels. Severe Ca?* dys-
regulation can cause ER stress-mediated apoptosis in response to
a variety of clinical situations. Due to the secretory activity of sali-
vary gland cells and the intricacy of their secretory products that are
generated, salivary gland cells are vulnerable to ER stress.3 Earlier
research has demonstrated that ER stress is triggered in Sjégren's
syndrome patients' minor salivary gland epithelial cells. When cellu-
lar stressors are present, a signalling cascade is set off, leading to the
unfolded protein response, which is essential for restoring cellular
homeostasis.®’

In the current study, DIA decreased TNF-a, NF-kB and
caspase-3 levels significantly, matching with Refaie et al.>® They
are thought to play a significant role in parotid gland injury, and di-
acerein inhibited their upregulation. In line with current research,
Pasin et al.®’ found that diacerein reduced peritoneal fluid TNF-«
and IL-1f levels and protected young rats from Baker's yeast-
induced fever.

Moreover, the present result showed a significant increase in
parotid TLR4 expression in the GNT group. This finding is in accor-
dance with Pakfetrat et al.>* They revealed that TLR-4/ NF-xB path-
way activation plays a significant part in the renal damage caused by
GNT. In the triggering of inflammatory reactions, TLR4 is crucial. The
nuclear transcription factor NF-xB, which mediates the production
of proinflammatory cytokines including TNF-« and IL-1p, can be ac-
tivated by the TLR4 signalling pathway.*?

Furthermore, the current study showed that GNT triggers an in-
flammatory response by upregulating IL-18 immunoexpression. Our
results reported positive cytoplasmic expression of IL-1f in the acini,
ducts and endothelium of the blood vessels of the GNT group. IL-1p
is a key player in the chain of inflammatory events during reperfu-
sion. Leucocytes are drawn to inflammatory regions by chemoat-
tractants like IL—1[3.40

Besides, DIA treatment, in this study, suppressed the activation
of the TLR4/NF-kB mediated signalling pathway with consequent
reduction of the inflammatory cytokines production of TNF-a and
IL-1B in parotid tissue and these results are consistent with Oliveira
et al.* It has been reported that IL-1B synthesis is mostly inhibited
by DIA. The main inhibitor of the secretion and activity of the IL-1p
cytokine is the IL-1-converting enzyme, which is suppressed by DIA.
Additionally; it reduces the specific receptor of IL-1p, and hence pre-
vents IL-1p attaching to its receptor. Moreover, Rhein, a diacerein
active metabolite, reduces IL-1 production both in vitro and in vivo.*?

Normal cell processes are critically dependent on the trans-
port of ions across the cell membrane. The Ca?" ion is the common
second messenger that controls a wide range of crucial processes
in practically all cell types, including gene expression and cellular

homeostasis. A channel known as TRPC1 controls the salivary gland's
function. It has a role in controlling Ca®* homeostasis. Damage to
TRPC1 lowers the ER Ca?* level, which leads to the loss of salivary
gland cells and a rise in the expression of CHOP.*® The present data
showed a significant decrease in parotid TRCP1 level coupled with
a significant increase in parotid CHOP level in the GNT group when
compared to the control and DIA groups.

It has been reported that TRPC1 controlled the sustained Ca®*
entry necessary for TMEM16a (CaCC) activation, which is essen-
tial to govern CI™ efflux, to control the Ca?*-activated chloride (CI)
channels (CaCC) in the salivary gland cells. Furthermore, ER and
Ca?" homeostasis disorders coexist with illnesses and injuries to the
salivary glands. With this damage, CHOP was activated, which de-
creased TRPC1 expression and decreased autophagy and apoptosis,
which led to cell death.®

In addition to the antioxidant, anti-inflammatory and anti-
apoptotic activity of DIA, our results revealed that DIA dramati-
cally elevated parotid TRPC1 level and lowered parotid CHOP level
as compared to the GNT group. This was accomplished by reduc-
ing the abnormalities in ER and Ca?* homeostasis, which in turn
resulted in the deactivation of CHOP and an increase in TRPC1
levels. These results have been confirmed histologically, which re-
vealed a quite normal appearance of parotid gland tissue in the
DIA-treated group.

In conclusion, the results of the present research revealed the
efficacy of DIA in reducing oxidative stress and the inflammatory
response induced by GNT. DIA downregulated the TLR4/NF-xB me-
diated signalling pathway, suppressed IL-1f3 expression, and restored
parotid gland tissue. Through the antioxidant, anti-inflammatory and
anti-apoptotic functions of DIA, it ameliorated the signalling mecha-

nisms and saved the parotid salivary gland from GNT-induced harm.

AUTHOR CONTRIBUTIONS

Dalia Mohamed Ali: Investigation (equal); methodology (equal).
Rehab Ahmed Rifaai: Methodology (equal); resources (equal).
Michael Atef Fawzy: Data curation (lead); investigation (equal); meth-
odology (equal). Medhat Atta: Investigation (equal); methodology
(equal). Nermeen N. Welson: Formal analysis (equal); writing - re-
view and editing (lead). Gaber El-Saber Bathiha: Funding acquisition
(equal); project administration (lead). Athanasios Alexiou: Funding
acquisition (equal). Marios Papadakis: Funding acquisition (equal).
Walaa Yehia Abdelzaher: Formal analysis (equal); writing - original
draft (lead). Mohamed Mahmoud: Funding acquisition (equal).

ACKNOWLEDGMENTS

The authors would like to extend their gratitude to King Saud
University (Riyadh, Saudi Arabia) for the funding of this research
through Researchers Supporting Project number (RSP-2021/406).
Open Access funding enabled and organized by Projekt DEAL.

FUNDING INFORMATION
This work was supported by the University of Witten-Herdecke
Germany.



ALl ET AL.

WiLEY-L7®

CONFLICT OF INTEREST STATEMENT

The authors have no conflict of interest to declare.

DATA AVAILABILITY STATEMENT
The data analysed during this study are available from the corre-

sponding author upon reasonable request.

PATIENT CONSENT STATEMENT
Not applicable.

PERMISSION TO REPRODUCE MATERIAL FROM
OTHER SOURCES
Not applicable.

CLINICAL TRIAL REGISTRATION
Not applicable.

ORCID

Nermeen N. Welson

Athanasios Alexiou

https://orcid.org/0000-0001-7854-2086
https://orcid.org/0000-0002-2206-7236

Walaa Yehia Abdelzaher " https://orcid.org/0000-0001-6511-1797
REFERENCES
1. Hayward RS, Harding J, Molloy R, et al. Systematic review and

10.

11.

12.

meta-analysis. Adverse effects of a single dose of gentamicin in
adults: a systematic review. Br J Clin Pharmacol. 2018;84:223-238.
Peterson L, Rogers C. Aminoglycoside-induced hearing deficits - a
review of cochlear ototoxicity. S Afr Fam Pract. 2015;57(2):77-82.
Prayle A, Watson A, Fortnum H, Smyth A. Side effects of amino-
glycosides on the kidney, ear and balance in cystic fibrosis. Thorax.
2010;65(7):654-658.

Abdollahi M, Rahmi R, Radfar M. Current opinion on drug-induced
Oral reactions: a comprehensive review. J Contemp Dent Pract.
2008 Mar 1;9(3):1-15.

Yang L, Jiang L, Jiang D, Liu B, Jin S. The protective effects of sal-
vianolic acid A against hepatic ischemia-reperfusion injury via
inhibiting expression of Toll-like receptor 4 in rats. Arch Med Sci.
2019;15(6):1599-1607.

Rubaiy HN, Ludlow MJ, Bon RS, Beech DJ. Pico145-powerful new
tool for TRPC1/4/5 channels. Channels (Austin). 2017;11:362-364.
Minard A, Bauer CC, Wright DJ, et al. Remarkable progress with
small-molecule modulation of TRPC1/4/5 channels: implica-
tions for understanding the channels in health and disease. Cell.
2018;7:E52.

Sukumaran P, Sun Y, Zangbede FQ, da Conceicao VN, Mishra B,
Singh BB. TRPC1 expression and function inhibit ER stress and cell
death in salivary gland cells. FASEB Bioadv. 2019;1:40-50.
Sreevallabhan S, Mohanan R, Jose SP, et al. Hepatoprotective ef-
fect of essential phospholipids enriched with virgin coconut oil
(Phoscoliv) on paracetamol-induced liver toxicity. J Food Biochem.
2021;45(2):1-9.

Bu T, Wang C, Meng Q, et al. Hepatoprotective effect of rhein
against methotrexate-induced liver toxicity. Eur J Pharmacol.
2018;834:266-273. doi:10.1016/j.ejphar.2018.07.031

Porcheri C, Mitsiadis TA. Physiology, pathology and regeneration of
salivary glands. Cells. 2019;8(9):976. doi:10.3390/cells8090976
Ibrahim MA, Abdelzaher WY, Ibrahim YF, et al. Diacerein protects rats
with liver ischemia/reperfusion damage: down-regulation of TLR4/
NFk-B signaling pathway. Biomed Pharmacother. 2021;134:111063.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Botros SR, Matouk Al, Anter A, Khalifa MMA, Heeba GH. Protective
effect of empagliflozin on gentamicin-induced acute renal injury
via regulation of SIRT1/NF-kB signaling pathway. Environ Toxicol
Pharmacol. 2022;94:103907.

Romero AC, Ibuki FK, Nogueira FN. Sialic acid reduction in the
saliva of streptozotocin induced diabetic rats. Arch Oral Biol.
2012;57(9):1189-1193. doi:10.1016/j.archoralbio.2012.02.016
Buege JA, Aust SD. Microsomal lipid peroxidation. Methods
Enzymol. 1978;52:302-310.

Marklund S, Marklund G. Involvement of the superoxide anion rad-
ical in the autoxidation of pyrogallol and a convenient assay for su-
peroxide dismutase. Eur J Biochem. 1974;47:469-474.

Xuan J, Shen L, Malyavantham K, Pankewycz O, Ambrus JL Jr,
Suresh L. Temporal histological changes in lacrimal and major sal-
ivary glands in mouse models of Sjogren's syndrome. BMC Oral
Health. 2013;13:51.

Fischer J, Ganellin CR, eds. Analogue-based Drug Discovery. John
Wiley & Sons; 2006:507.

Dehpour AR, Abdollahi M. Effect of gentamicin on rat subman-
dibulary gland functions. Gen Pharmacol. 1994;25(8):1719-1722.
doi:10.1016/0306-3623(94)90377-8

Abdelzaher WY, Nassan MA, Ahmed SM, Welson NN, Batiha GE,
Khalaf HM. Xanthine oxidase inhibitor, Febuxostat is effective
against 5-fluorouracil-induced parotid salivary gland injury in
rats via inhibition of oxidative stress, inflammation and targeting
TRPC1/CHOP Signalling pathway. Pharmaceuticals. 2022;15:232.
Yaman |, Balikci E. Protective effects of Nigella sativa against
gentamicin-induced nephrotoxicity in rats. Exp Toxicol Pathol.
2010;62(2):183-190.

Ademiluyi AO, Oboh G, Owoloye TR, Agbebi OJ. Modulatory ef-
fects of dietary inclusion of garlic (Allium sativum) on gentamycin-
induced hepatotoxicity and oxidative stress in rats. Asian Pac J Trop
Biomed. 2013;3(6):470-475.

Refaie MM, Shehata S, Bayoumi A, El-Tahawy NFG, Abdelzaher
WY. The IL-6/STAT signaling pathway and PPAR_ are in-
volved in mediating the dose-dependent Cardioprotective
effects of Fenofibrate in 5-fluorouracil-induced cardiotoxic-
ity Cardiovasc. Drugs Ther. 2022;36(5):817-827. doi:10.1007/
s10557-021-07214-x

Gulcin I, Beydemir S. Phenolic compounds as antioxidants: car-
bonic anhydrase isoenzymes inhibitors. Mini Rev Med Chem.
2013;13:408-430.

Abdel-Raheem IT, El-Sherbiny GA, Taye A. Green tea ameliorates
renal oxidative damage induced by gentamicin in rats. Pak J Pharm
Sci. 2010;23:21-28.

Heeba GH. Angiotensin 2 receptor blocker, losartan, ameliorates
gentamicin-induced oxidative stress and nephrotoxicity in rats.
Pharmacology. 2011;87(3-4):232-240.

Abdelzaher WY, Abdel-Gaber SA, Toni NDM. The effect of diace-
rein versus sulfasalazine on acetic acidinducedulcerative colitis in
rats. MJMR. 2016;27(2):1-8.

Refaie MMM, El-Hussieny M. The role of interleukin-1b and its
antagonist (diacerein) in estradiol benzoate-induced endometrial
hyperplasia and atypia in female rats. Fundam Clin Pharmacol.
2017;31(4):438-446.

Sharma I, Liao Y, Zheng X, Kanwar YS. Modulation of gentamicin-
induced acute kidney injury by myo-inositol oxygenase via the
ROS/ALOX-12/12-HETE/GPR31 signaling pathway. JCI Insight.
2022;7(6):€155487.

Parlakpinar H, Ozer MK, Sahna E, Vardi N, Cigremis Y, Acet A.
Amikacin-induced acute renal injury in rats: protective role of mel-
atonin. J Pineal Res. 2003;35(2):85-90.

Bae EH, Kim 1J, Joo SY, et al. Renoprotective effects of the direct
renin inhibitor aliskiren on gentamicin-induced nephrotoxicity in
rats. J Renin-Angiotensin Aldosterone Syst. 2014;15(4):348-361.


https://orcid.org/0000-0001-7854-2086
https://orcid.org/0000-0001-7854-2086
https://orcid.org/0000-0002-2206-7236
https://orcid.org/0000-0002-2206-7236
https://orcid.org/0000-0001-6511-1797
https://orcid.org/0000-0001-6511-1797
https://doi.org//10.1016/j.ejphar.2018.07.031
https://doi.org//10.3390/cells8090976
https://doi.org//10.1016/j.archoralbio.2012.02.016
https://doi.org//10.1016/0306-3623(94)90377-8
https://doi.org//10.1007/s10557-021-07214-x
https://doi.org//10.1007/s10557-021-07214-x

1744
—I—WI LEY

32.

33.

34.

35.
36.
37.

38.

ALI ET AL.

Karimi Z, Pakfetrat Z, Roozbeh J, Janfeshan S. Toll-like receptor-2
mediates systemic inflammation in gentamicin induced rat nephro-
toxicity. Clin Exp Pharmacol Physiol. 2020;47(9):1584-1590. doi:10.1
111/1440-1681.13334

Famurewa AC, Maduagwuna EK, Folawiyo AM, et al. Antioxidant,
anti-inflammatory, and antiapoptotic effects of virgin coconut oil
against antibiotic drug gentamicin-induced nephrotoxicity via
the suppression of oxidative stress and modulation of iINOS/NF-
OEB/caspase-3 signaling pathway in Wistar rats. J Food Biochem.
2020;44(1):€13100.

Pakfetrata Z, Janfeshanb S, Masjedib F, Rafieia M, Karimi Z.
Involvement of oxidative stress and Toll-like receptor-4 signaling
pathways in gentamicin-induced nephrotoxicity in male Sprague
Dawley rats. Drug Chem Toxicol. 2022;45(6):2568-2575.

Haddad JJ. Redox regulation of pro-inflammatory cytokines and |-
kB /NF- xB nuclear translocation and activation. Biochem Biophys
Res Commun. 2002;296:847-856.

Novotna B, Takacova M, Hudecova S, et al. Activation of the
ER stress and calcium signaling in angiomyolipoma. Neoplasma.
2016;63:687-695.

Barrera MJ, Aguilera S, Castro |, et al. Pro-inflammatory cytokines
enhance ERAD and ATFéalpha pathway activity in salivary glands
of Sjogren's syndrome patients. J Autoimmun. 2016;75:68-81.
Refaie MMM, Amin EF, El-Tahawy NF, Abdelrahman AM. Possible
protective effect of diacerein on doxorubicin-induced nephro-
toxicity in rats. J Toxicol. 2016;2016:9507563. doi:10.1155/2016/
9507563

39.

40.

41.

42.

43.

Pasin JS, Ferreira AP, Saraiva AL, et al. Diacerein decreases TNF-
alpha and IL-1beta levels in peritoneal fluid and prevents Baker's
yeast induced fever in young rats. Inflamm Res. 2012;59:189-196.
Fouad AA, Abdel-Aziz AM, Hamouda AAH. Diacerein downregu-
lates NLRP3/ caspase -1/IL-1p and IL6/STAT3 pathways of inflam-
mation and apoptosis in a rat model of cadmium testicular toxicity.
Biol Trace Elem Res. 2020;195(2):499-505.

Oliveira PG, Termini L, Durigon EL, Lepique AP, Sposito AC,
Boccardo E. Diacerein: a potential multi-target therapeutic drug for
COVID-19. Med Hypotheses. 2020;144:109920.

Abdel-Gaber SA, Mohammed RK, Refaie MMM. Mechanism me-
diating the protective effect of diacerein in ischemia-reperfusion-
induced testicular injury in rats. Life Sci. 2018;209:57-62.

Rubaiy HN. Treasure troves of pharmacological tools to study tran-
sient receptor potential canonical 1/4/5 channels. Br J Pharmacol.
2019;176:832-846.

How to cite this article: Ali DM, Mahmoud MH, Rifaai RA,
et al. Diacerein modulates TLR4/ NF-xB/IL-1p and
TRPC1/CHOP signalling pathways in gentamicin-induced
parotid toxicity in rats. J Cell Mol Med. 2023;27:1735-1744.
doi:10.1111/jcmm.17791



https://doi.org//10.1111/1440-1681.13334
https://doi.org//10.1111/1440-1681.13334
https://doi.org//10.1155/2016/9507563
https://doi.org//10.1155/2016/9507563
https://doi.org/10.1111/jcmm.17791

	Diacerein modulates TLR4/ NF-­κB/IL-­1β and TRPC1/CHOP signalling pathways in gentamicin-­induced parotid toxicity in rats
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Ethics
	2.2|Drugs and chemicals
	2.3|Animals and experimental design
	2.4|Sample collection
	2.5|Biochemical analysis
	2.5.1|Assessment of oxidative stress parameters
	2.5.2|Assessment of TRCP1 and CHOP levels
	2.5.3|Assessment of inflammatory and apoptotic parameters

	2.6|Western blotting of TLR4 and cleaved caspase-­3
	2.7|Histological study
	2.8|Immunohistochemical staining
	2.9|Statistical analysis

	3|RESULTS
	3.1|Effect of DIA on biochemical parameters in GNT-­induced parotid toxicity in rats
	3.2|Histological examination of the parotid gland

	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	PATIENT CONSENT STATEMENT
	PERMISSION TO REPRODUCE MATERIAL FROM OTHER SOURCES
	CLINICAL TRIAL REGISTRATION
	REFERENCES


