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Background:  Thioacetamide (TAA) is a recognized industrial poisonous agent drastically used in animal studies
for induction of hepatic necrosis, fibrosis and cirrhosis. It is additionally reported to be nephrotoxic through
induction of oxidative stress. Quercetin (QE) has a high antioxidant capacity via free radical scavenging, transition
metal ion binding, and lipid peroxidation inhibition.

Aim of the work: The goal of this research was to see if QE may help reduce the negative effects of thioacetamide
on renal tissue by histological examination of the kidney.

Material and methods: Twenty four adult male Albino rats 7–9 weeks old around 180–200g body weight were
allocated into 3 groups; Group I (n=8) receiving distilled water, Group II (n=8); rats receiving TAA and Group III
(n=8); receiving TAA and QE.

Results: Renal tissues were examined under a light microscope stained by Harris Hematoxylin & Eosin (H&E
stain), Periodic acid Schiff (PAS) and Masson’s Trichrome for TAA-treated groups revealed severe histopathological
changes, whereas specimens obtained from QE-treated groups showed only mild changes. Immunohistochemical
results corroborated these findings.

Conclusion: This study demonstrated the ameliorative consequences of QE in opposition to TAA-induced renal
injury in rats. The result of this study might contribute in the development of a novel complementary alternative
medication in combating and therapeutic intervention of TAA-induced renal injury.
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carbon tetrachloride, lipopolysaccharides, TAA,
D-galactosamine, and tumour necrosis factor
alpha have all been implicated in experimen-
tally induced hepatic damage [2-4].
Furthermore, it is now understood that TAA’s
damaging effects are not limited to the liver,

In the majority of individuals with acute liver
failure who are in the advanced stages of their
disease, kidney dysfunction is a common
concern[1].
Hepatotoxic supplies such as acetaminophen,
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but may also cause morphological damage in
organs such as the kidney and brain[5].
TAA was also said to be genotoxic and carcino-
genic[6].
TAA is a widely used sulfur containing
compound in the laboratory and in a number
technical functions as fungicides, rubber chemi-
cals, curing agents, cross linking agents, insec-
ticides, and pharmaceuticals are just a few of
the products available[7]. TAA toxicity is caused
by its rapid conversion to reactive metabolites
by cytochrome P450 and  flavin-containing
monooxygenases (thioacetamide-S-   oxide and
reactive oxygen species; ROS) [8].
The kidney’s reaction to toxins differs with the
aid that it manifests itself in a variety of
morphological forms, starting with tubular or in-
terstitial alterations and progressing to nephr-
opathy [9]. The nicotinamide adenine dinucle-
otide phosphate (NADPH) oxidase, as a major
source of reactive oxygen species (ROS) in the
kidney, has been significantly linked to the de-
velopment of renal oxidative injury[10]. There-
fore, a fantastic interest has been paid to anti-
oxidants or free radical scavengers for the pre-
vention and cure of kidney damage.
Quercetin (QE) is a flavonoid (of the flavonols
subclass) that is extensively distributed in
plants[11]. It’s abundant in red wine, onions,
green tea, apples, broccoli, berries, ginkgo
biloba, and buck wheat tea, among other plants,
plant products, and meals. [12]..

In various studies, QE has been shown to be a
powerful antioxidant with a high free radical
scavenging activity [13]. It also has a number of
pharmacological properties, including anti-dia-
betic, anti-inflammatory, and immuno-stimula-
tory properties, as well as the ability to protect
low-density lipoprotein from oxidation[14].
Furthermore, studies have shown that
quercetin can effectively reduce drug-induced
toxicity and oxidative stress in vivo [15-17].
The goal of this study was to investigate if quer-
cetin cotreatment might protects rats against
Thioacetamide-induced kidney damage in rat
models.
Aim: Present study was to investigate if Quer-
cetin might protect against TAA-induced kidney
injury.

MATERIALS AND METHODS

Animals: Twenty four adult male Albino rats
7–9 weeks old; 180–200 g body weight were
obtained from the animal house, Alexandria
University, Egypt. The animals were kept in the
lab for a week under controlled settings.
Chemicals: Both TAA and QE were obtained from
Sigma-Aldrich Corp., St. Louis, MO, USA
Experiment design: Rats were allocated into 3
groups; Group I (Control, n=8): Rats in this
group received distilled water by gavage and
intraperitoneal injection of normal saline (NaCl
0.9%), 5 days/week for 28 days. Group II
(Thioacetamide (TAA) group, n=8); rats received
TAA dissolved in NaCl 0.9% given intraperito-
neally in a dose of 50mg/kg/day, 5 days/week
for 28 days, this dose and duration causes low
grade injury as described by Murad et al. [18]
Group III (TAA-quercetin treated group, n=8); rats
in this group received TAA as in group 2 and
quercetin that was dissolved in distilled water
and given daily. Rats will be   sacrificed under
anesthesia using 50 mg/kg of sodium pentobar-
bital.

The kidneys were harvested and 10% neutral
buffered formalin used for fixation. Sections
were then dehydrated by ascending grades of
ethanol (70%, 90% and 100%). Xylene was used
as a clearing agent then both soft and hard par-
affin were consecutively used for embedding.
Five–micron-thick slices were obtained and
dewaxed in xylene before being rehydrated with
ethanol in declining grades. (100%, 90% & 70%).
Sections from the kidneys were stained by
Harris Hematoxylin & Eosin (H&E), Periodic –
acid Schiff (PAS) and Masson Trichrome stain.
Sections were subjected to immunohistochemi-
cal staining for CD10 (Clone 56C6, ready to use,
mouse monoclonal antibody, DAKO, USA), and
myeloperoxidase (clone IR511, ready to use,
rabbit, polyclonal antibody, DAKO, USA)
performed by DAKO Autostainer. All sections
were examined under light microscope
(Olympus CX23). The sections were examined
for signs of injury in tubules (acute tubular
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injury/ necrosis), interstitial inflammation,
pattern of CD10 expression (luminal / cytoplas-
mic) and compartmental expression of
myeloperoxidase (MPO) (tubular/cytoplasmic).

RESULTS

Mortality rate: Calculated mortality rate was
50% in the TAA group throughout the period
of the study (4 out of 8). No mortalities were
found in the TAA-quercetin treated group or the
control group. (Table 1)
Group I (Control, n=8): Sections obtained from
renal tissue showed normal cortex with nor-
mal glomeruli, normal blood vessels, normal

proximal and distal convoluted tubules with
intact brush borders (Highlighted by PAS and
CD10), intact tubular basement membrane
(Highlighted by PAS and trichrome). Neither
interstitial inflammation nor fibrosis was seen.
Myeloperoxidase staining was completely
negative both in tubules and glomerular tuft.
CD10 staining was restricted to the luminal
brush border with no cytoplasmic staining in the
tubules. (Fig. 1.A, Fig. 2.A & B, Fig.3.A & B)

Fig. 1: A: Normal kidney in group I. B: Moderatewinjury in group II. C: Severe injury in group II. D: severe tubular
injury in group II. E: Moderate tubular injury in group II. F: Mild injury in group III.
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Fig. 2: A &B: Normal kidney in group I.
C&D: Severe injury in group II.eE&F:

Mild injury in groupeIII.

Fig.  3: Immunostaining for MPO and CD10. A: Negative MPO staining both in tubules and glomeruli in group I. B:
Strong luminal CD10 staining in group I. C: Strong cytoplasmic MPO staining in glomeruli and moderate diffuse
granular staining in tubular epithelium in group II. D: Weak to moderate cytoplasmic CD10 staining with focal
strong cytoplasmic staining in group II. E: Weak focal MPO staining in the glomeruli with negative staining in the
tubules in group III. F: Moderate to strong cytoplasmic CD10 staining in the tubules with luminal accentuation in
group III. (x400).
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Table 1: ComparisonËbetween the three studied groups according to mortality.

Group I Group II Group III
(n=8) (n=8) (n=8)

No 8 (100%) 4 (50%) 8 (100%)
Yes 0 (0%) 4 (50%) 0 (0%)

Mortality c2 MCp

2 0.019*

c2:  Chi squareetest                                    MC: MonteeCarlo 
p: p valueefor comparing between the three studied groups 
*: Statisticallyesignificant attp ≤ 0.05 

Table 2: Comparisonebetween the three studied groupssaccording toodifferent parameters

Group I Group II Group III Test of
(n=8) (n=4) (n=8) sig.

Acute tubular necrosis %
Median (Min. – Max.) 0 (0 – 0) 30 (20 – 40) 0 (0 – 0) F=
Mean ± SD. 0 ± 0 30 ± 8.2 0 ± 0 122.40*

Sig. bet. groups

Acute tubular injury%
Median (Min. – Max.) 0 (0 – 0) 42.5 (30 – 50) 10 (10–10) F=

Mean ± SD. 0 ± 0 41.3 ± 8.5 10 ± 0.0 178.937*

Sig. bet. groups

MPO tubular

Negative 8 (100%) 0 (0%) 8 (100%) c2= MCp
Positive 0 (0%) 4 (100%) 0 (0%) 14411 <0.001*

CD10 cytoplasmic

Negative 8 (100%) 0 (0%) 0 (0%) c2= MCp
Positive 0 (0%) 4 (100%) 8 (100%) 2011 <0.001*

Interstitial inflammation

Negative 8 (100%) 0 (0%) 8 (100%) c2= MCp
Positive 0 (0%) 4 (100%) 0 (0%) 14411 <0.001*

CD10 luminal

Negative 0 (0%) 4 (100%) 5 (62.5%) c2= MCp=
Positive 8 (100%) 0 (0%) 3 (37.5%) 1280 0.002*

MPO Glomerular
Negative 8 (100%) 0 (0%) 5 (62.5%) c2=
Positive 0 (0%) 4 (100%) 3 (37.5%) 11202

P

<0.001*

<0.001*

0.002*

p1<0.001*, p2=1.000, p3<0.001*

p1<0.001*, p2<0.001*, p3<0.001*

      :  Chi squareetest                                    MC: MonteeCarlo
F: F foreOne way ANOVA test, Pairwiseecomparison between each 2 groups wasedone using PosteHoc Test
(Tukey)
p: p value forecomparing between the three studied groups
p1: p value forecomparing between group I and group II
p2: p value forecomparing between group I and group III
p3: p value forecomparing between group II and group III
*: Statistically significant at p <  0.05

c2 

The glomeruli showed glomerular basement
membranes of average thickness. The intersti-
tium showed mild focal lymphocytic infiltrate in
all surviving rats not exceeding 10% in each.
(Table 2) No interstitial fibrosis was detected.
The blood vessels were normal. Myelo-peroxi-
dase staining showed moderate to intense
granular cytoplasmic staining in the tubules with
strong staining in the glomeruli of all surviving
rats.

Group II (Thioacetamide (TAA) group, n=8): H
& E stained sections of TAA  treated rats (group
II) showed signs of acute tubular necrosis (en-
larged tubules, disrupted tubular basement
membrane, vacuolated cytoplasm, sloughed
brush border, luminal casts, nuclear pyknosis and
karyolysis) ranging from 20-40% of the tubules
of surviving rats. Acute tubular injury was found
in 30-50% of the tubules of the surviving rats.
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CD10 showed only cytoplasmic staining but no
luminal staining was observed in the tubules,
denoting loss of the brush border staining. No
significant fibrosis was seen in the interstitium.
(Trichrome). (Fig.1. B & C & D & E, Fig. 2.C & D,
Fig.3. C & D)

DISCUSSION

Various beneficial medications, such as
acetaminophen and gentamicin, as well as
several environmental and industrial toxins,
can cause severe kidney damage by activating
highly reactive free radicals[19]. TAA is one
among the most well-studied compounds and
industrial toxins. TAA has been linked to
centrilobular hepatic necrosis, liver cirrhosis,
hepatocellular cancer, and bile duct
proliferation, as well as damage to the
proximal renal tubule’s terminal region
[20-23]. TAA undergoes a large metabolism
after injection, generating sulfine (sulfoxide)
and sulfene (sulfone). Both are circulated
throughout the body, passing through various
vital organs before being converted to acetate
and eliminatedein urine within 24 hours [21].
The 50% mortality rate in TAA treated rat group
for the duration of the 28days study length
explained by renal dysfunction precipitated by
TAA. Absence of mortalities in the TAA-querce-
tin treated crew denotes instantaneous amelio-
ration of renal dysfunction.

The existing study confirmed that rats exposed
to TAA suffer from renal damage, as evidenced
by histological alterations. As depend of fact,
signs of acute tubular necrosis, acute tubular
injury had been found. The glomeruli showed
glomerular basement membranes of average
thickness. The interstitium showed mild focal
lymphocytic infiltrate Furthermore, various
investigations have looked into the harmful
effects of TAA on the kidneys of experimental
animals. Light microscopic examinations of re-
nal tissues revealed severe histopathological
changes, including glomeruli congestion and fo-
cal mesengial cell proliferation, expanded depo-
sition of collagen in the renal medulla and fi-
brin in the cortex, disrupted and swollen cells
of convoluted tubules and lobulated atrophied
glomeruli, tubular epithelial cell necrosis asso-
ciated with diffuse tubular swelling, and inflam-
matory cell infiltrate [24-26] .
Atef et al. [27] found that In contrast to control
findings, there were some changes in kidney
structures, including necrosis and high glomeru-
lar degeneration, and Bowman capsules in mice
were only exposed to thioacetamide. Similarly,
Kadir et al.[26] emphasized that histological ex-
amination of sections from rat kidneys treated
with TAA, renal shape is damaged by severe and
wide spread tubular epithelium.
TAA caused toxicity and organ dysfunction could
be attributed to the generations of Reactive Oxy-
gen Species (ROS), secondary to its metabolism
into TAA-S-dioxide, which binds to cellular
macromolecules leading to alternate in cell
permeability and calcium uptake. This interrup-
tion of calcium stores inhibits mitochondrial
activity[28]. A number of preceding researches
proved the occurrence of oxidative stress in
hepatic tissues following TAA administra-
tion[29]. Etoh et al., [30] mentioned that Nicoti-
namide Adenine Dinucleotide Phosphate
(NADPH) oxidase, as a major source of reactive
oxygen species (ROS) in the kidney, has been
linked to the development of renal oxidative
injury. Peroxidation of lipids is thought to be
visible in the renal brush border, as well as
changing the characteristics of biological  mem-
branes, culminating in severe cell damage and
lyses [31-33].
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Group III (TAA-quercetin treated group, n=8):
H&E stained sections depict acute tubular
injury (tubular vacuolization in with intact brush
borders and intact tubular basement membrane)
in 10% of the tubules in 8/8 rats. No acute tubu-
lar necrosis was detected. The glomeruli, blood
vessels and intersitium were normal. CD10
showed cytoplasmic staining of the tubules in
8/8 rats with luminal accentuation in 3/8 rats.
Myeloperoxidase staining was negative in all
tubules with faint positive staining in the glom-
erular tuft in 3/8 rats. (Table 2) (Fig. 1.F, Fig. 2.E
& F, Fig. 3.E & F). Comparison between the three
studied groups according to different param-
eters and statistical analysis was performed.
Results are shown in table 2.
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which has been linked to frequent intake of a
Mediterranean diet rich in quercetin and other
antioxidant flavonoids [40]. Suzuki et al. [41]
have mentioned that Oral quercetin has been
shown to have stomach cytoprotective and
ulcer-restorative properties, at least in part, by
scavenging free radicals produced in the
wounded or ulcerated region.
Furthermore, due to its antioxidant and
cytoprotective properties, quercetin has been
shown to protect cardiac tissue against global
ischemia and reperfusion damage[39].
In addition, Duarte et al.[42] have pronounced
that quercetin reduces the elevated blood
pressure, the cardiac and renal hypertrophy
in spontaneously  hypertensive rats and have
attributed these consequenceseto the reduced
oxidants status due to the antioxidant
properties of the drug. From the above data,
the workable protective effect of quercetin
against TAA-induced nephrotoxicity deserves
study.
In TAA-quercetin group, marked amelioration
of the congestion; noted both in peritubular
capillaries and in the glomerular tuft.
Few tubules showed vacuolated cytoplasm, with
intact brush borders and intact tubular
basement membrane. According to the patho-
logical findings, quercetin may be protective
against degenerative damage produced by TAA
therapy.
The capacity of flavonoids, along with querce-
tin, to change peroxidation kinetics by modify-
ing lipid packing order and reducing membrane
fluidity, is the mechanism underlying their
antioxidative activities. These changes should
prevent free radicals from spreading and
limiting their peroxidative responses [43].

Moreover, examination of PAS stained sections
of TAA group in the current study revealed
enlargement of the tubular epithelial cells and
evident signs of injury in the shape of
disrupted tubular basement membrane,
vacuolated cytoplasm and luminal debris.
Some of the nuclei exhipit pyknosis and
karyolysis. This was in settlement with some
authors who stated that this may be due to
up-regulation of integrins, laminin and
fibronectin with subsequent disruption in
basement membrane [34].
In addition, there was slough of the brush bor-
der, this was in settlement with EZZ-DIN D., et
al [35] who observed the loss of the brush
boundary, cell polarity, and cell-cell adhesion to
the basement membrane, and explained their
results by the fact that necrosis and apoptosis
may all cause tubular cells to detach from the
basement membrane, leaving patches of de-
nuded basement membrane behind.
MPO activity was measured as a neutrophil-spe-
cific marker of immune system activation in this
work and notably showed moderate to intense
granular staining of the tubular cytoplasm in re-
sponse to TAA intoxication. This associated in-
flammation is explained by Amer et al., [36] who
proven an elevation of inflammatory cytokines;
Interleukinj(IL)-6, tIL-1B and Tumor Necrosis
Factor (TNF)-a in blood samples of TAA-treated
group.
Vokalova et al., [37]  have shown that liver and
kidney damage precipitated through TAA is
associated with release of DNA that activates
innate immunity and causes sterile inflamma-
tion, causing tissue damage to worsen. A study
on liver via Selders et al.,[38] proven that TAA
administration led to degenerative changes such
as necrosis and neutrophilic infiltrates. Hepa-
tocytes that have been damaged have been
replaced by aggregates including a mix of mac-
rophages and neutrophils, which can cause
persistent inflammation and fibrosis.
Quercetin is a necessary member flavonoid
family member, is a potent antioxidant found in
a variety of vegetables and fruits, most
notably grape and red wine [39]. It has been
shown that residents of southern France had a
lower incidence of coronary heart disease,

CONCLUSION

The overall findings of this study showed that
TAA caused kidney damage based on histologi-
cal and immunohistochemical studies. Concur-
rent treatment with QE gave a significant level
of protection against TAA’s harmful renal side
effects. Finally, QE may  operate as a natural
antioxidant in the kidney, presumably by
scavenging free radicals, to prevent continued
TAA-induced nephrotoxicity and oxidative stress.
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