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Quercetin Protects Against Acetaminophen-induced Acute
Nephrotoxicity Associated with the Inhibition of
Biomarkers of Acute Kidney Injury in Rats
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SUMMARY: Acetaminophen (also called paracetamol, or APAP) causes acute kidney injury after accidental or intentional ingestion
of a toxic dose of the drug. We tested whether the antioxidant and anti-inflammatory agent, quercetin (QUR) given alteet egaijnst
acute nephrotoxicity induced by APAP overdose in a rat model of APAP-induced acute kidney injury. Rats were either gigatoaesing
of APAP (2 g/kg) before being sacrificed after 24 hours or were pre-treated for 7 days with QUR (50 mg/kg) before beismgleatvae
of APAP and then sacrificed 24 hours post APAP ingestion. Kidneys were examined by light microscopy after staining witflinematox
and eosin (H&E) and collected blood samples were assayed for biomarkers of oxidative stress, inflammation, and kidn&kEinjury. H
stained sections of kidney from the model group of rats (APAP) showed substantial damage to the kidney architecture ateddsgonstr
widening of Bowman'’s space, tubular dilatation, vacuolization of tubular epithelium, and congested dilated blood vesselgrevhich
partially protected by QUR. In addition, APAP significantly (p<0.05) increased blood levels of urea, creatinine, malondiédBiy)d
tumor necrosis factor-alpha (TNF-a), and interleukin-6 (IL-6), which were significantly (p<0.05) reduced by QUR. Thesadiesiits
that quercetin partially protects against APAP-induced acute kidney injury in rats, which is associated with the intiimtioarkérs of
oxidative stress and inflammation and kidney injury.
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INTRODUCTION

Hepato-nephrotoxicity is common in both humans andf the ATP, which results in mitochondrial damage and
experimental animal models after the ingestion of an overdadsepatocyte and kidney injuries (Hinsatral, 2004). However,
of the analgesic and antipyretic drug, acetaminophen (APARvas postulated that depletion of 90 % of GSH in hepatocytes
(McGill et al, 2012; Karaalet al, 2018). APAP is the most is critically necessary for the development of cell necrosis
common agent of intentional self-harm and APAP poisoningHendersoret al, 2000). In addition, hepatic inflammatory
claimed the life of 284 persons aged 12 years and over betwegtokines are also reported to be involved in APAP-induced
1993-1996 in England and Wales, UK (Hawaidral, 2004). liver injury (Blazkaet al, 1996).
In addition, APAP poisoning represents about 50 % of acute
liver failure admitted cases in the United States of America Quercetin is a polyphenolic anti-inflammatory and
(Ostapowiczet al, 2002; Larsoret al, 2005). APAP is antioxidant compound found in fruits, vegetables, and grains
metabolized in the liver and hepatotoxic metabolites th@Burda & Oleszek, 2001). They have been widely known to
represent about 10 % of the whole metabolites are rapidiyve potent cardiovascular protective and therapeutic effects
inactivated by glutathione (GSH) to protect the hepatocyt¢Shenet al, 2013), scavenging ROS (Xt al, 2019), anti-
(Jamest al, 2003). But, with the drug overdose for exampleinflammatory effects (Rogerigt al, 2007), antitumor activities
the elevated levels of liver toxic metabolites, mainly N-acetyin human leukemia via apoptosis, cell cycle, and autophagy
p-benzoquinoimine (NAPQI) rapidly deplete GSH andaell signaling (Calgarottet al, 2018), and liver and kidney
covalently modify cellular proteins leading to the generatioprotection (Zhanget al, 2017; Yanget al, 2018). Little is
of high levels of reactive oxygen species (ROS) and depleti@nown about the effect of quercetin on the protection of kidney
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tissue against acute injury induced by acetaminophen in akieney tissue and blood were collected for microscopy and
mal models. Therefore, this study was designed to investigdtl®od chemistry analysis.
the degree of nephroprotection by quercetin against APAP-
induced acute kidney injury. We also monitored the extent of Determination of blood levels of urea, creatinine,
protection provided by quercetin to known biomarkers diDA, GSH, TNF-a, and IL-6. At day 8, animals were
kidney injury such as urea and creatinine. sacrificed and blood levels of urea, creatinine, MDA, GSH,
TNF-a, and IL-6 were determined according to the
manufacturer’s instructions.
MATERIAL AND METHOD
Histological examination. Kidney specimens were
immediately fixed in 10 % formal saline for 24 hours.
Reagents and assay kitsQuercetin (C15H1007, CAS Paraffin blocks were prepared, and 5 mm thick sections were
Number 117-39-5) was purchased from Sigma-Aldrich (Ssubjected to hematoxylin and eosin (H&E) stain to elucidate
Louis, MO, USA) and was prepared daily and freshly bthe status of kidney architecture and the structural changes.
dissolving it in a normal saline solution (0.9 % NaCl) to the
final concentration of 50mg/ml. Assay kits for determinatiostatistical analysis.The data were expressed as niestan-
of malondialdehyde (MDA, Cat No. NWK-MDAO1) were dard deviation (SD). Data were processed and analyzed using
purchased from NWLSS (Vancouver, BC, Canada}he SPSS version 10.0 (SPSS, Inc., Chicago, lll., USA). One-
Glutathione (GSH) assay kit was purchased from Caymaray ANOVA was done followed by Tukey’s post hoc test.
Chemical, Cat. No.703002, MI, USA. ELISA kits forPearson correlation statistical analysis was performed for
determination the levels of IL-6 (Cat No. ELR-IL6-001) washe detection of a probable significance between two different
purchased from RayBio, GA, USA. ELISA kits for parameters. Results were considered significant iDj95.
determination of TNF-a (Cat No. ab46070) was purchased
from Abcam, Cambridge, UK. Urea and creatinine were
determined by colorimetric assay using assay kits (ab833BESULTS
and ab204537) from Abcam, MA, USA.

Animals. All animal experiments were performed accordindAPAP induces acute kidney injury in rats.The disease
to the Guide for the Care and Use of Laboratory Animalsas induced in the model group of rats by APAP overdose
published by the US National Institutes of Health (NIH2 g/kg body weight), which was confirmed 24 hours post
publication No. 85-23, revised 1996), and with full approvaAPAP ingestion as demonstrated by a significant (p<0.05)
from King Khalid University Ethical Review Committee decline in renal function, and abnormal kidney tissue
(Ethics Statement). Sprague Dawley rats (n=18) weighiragchitecture (Fig. 1). APAP induced nephrotoxicity which
170-200 g were used in this study. They were housed ataused a sharp increase in blood urea (Fig. 1A) and creatinine
controlled ambient temperature of 22° C and 5Gt 10 % (Fig. 1B) compared to normal levels in the control group.
relative humidity, with 12-h light/12-h dark cycles, and werél&E stained images of kidney tissues from the model group
fed with standard rat’s pellets and allowed free access revealed numerous renal corpuscles with dilated Bowman's
water. space, tubular dilatation, and congested dilated blood vessels
(Fig. 1D) when compared with a normal renal parenchyma
Experimental design.After a one week adaptation period,in the control group (Fig. 1C).
rats were randomly assigned into 3 groups (n = 6; each) and
were distributed in their corresponding cages and classifi€lercetin protects kidney tissue architecture against
as follows: (1) Control group: rats received normal salinejury induced by APAP. To test the hypothesis that
daily for 7 days; (2) APAP intoxicated group (Model group)quercetin can protect the architecture of kidney tissues
rats received normal saline for 7 consecutive days and thegainst damage induced by APAP, harvested kidney tissues
given a single dose of APAP (2 g/kg, orally) (Gadahl, from all animal groups at day 8 were stained with H&E and
2012); and (3) QUR+APAP group: rats were pre-treated wittkamined under light microscopy. Compared to normal tissue
50 mg/kg QUR (Murota & Terao, 2003) for 7 consecutivéistological structure of Malpighian renal corpuscles (G),
days and then administered with a single dose of APAP (2gbximal (Px) and distal (D) convoluted tubules in the con-
kg, orally). APAP was administered to the desired groupsol group (Fig. 2A), APAP substantially damaged the kidney
one hour after the last dose of treatment on day 7 and tidsue as demonstrated by widening of Bowman’'s space
treatment in all groups were administered i.p. in a finghrrowhead), vacuolization of tubular epithelium (arrows),
volume of 1 ml. All animals were sacrificed at day 8, andilated convoluted tubules (stars), and desquamation in the
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Fig. 1. Induction of acute
kidney injury in rats by
APAP. Blood levels of urea
(A) and creatinine (B)
were measured at the end
of the experiment in the
model group compared to
the control group. Results
represent the mean$D),
and experiments were
performed in triplicate.
*p<0.05 versus control. (C
and D). H&E stained
images  (x100) of
harvested tissues obtained
from the kidney of model
group (D) compared to the
control group (C) rats are
visualized using light
microscopy. Note that
arrowheads and curved
arrows point to Bowman'’s
space and tubular
dilatation, respectively.
Abbreviation: C, congested
dilated vessels.

Fig. 2. Quercetin partially
protects against APAP-
induced acute kidney
injury in rats. H&E stained
kidney sections (x400)
obtained at the end of the
experiment in different
groups of rats used in this
study; Control group (A),
APAP group (B), and
QUR+APAP group (C and
D). Note that arrowheads
point to the widening of
the capsular space, arrows
point to vacuolization of
tubular epithelium, and
stars point to dilated

convoluted tubules.
Abbreviations: G,
Malpighian renal

corpuscle; Px, proximal
convoluted tubule; D,
distal convoluted tubule;
L, desquamation in the
lumen.
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lumen (L) (Fig. 2B). Pre-treatment with quercetin partiallyQuercetin reduces APAP-induced biomarkers of kidney
preserved kidney structure of Malpighian renal corpuscl@sjury. To investigate whether the observed protection to
and convoluted tubules (Figs. 2C-D). kidney tissues in the group of rats pre-treated with quercetin
shown above was also associated
with a reduction in the blood levels

A B
150- 1.0+ * of biomarkers of kidney injury, we
= measured at the end of the
ary . %0'3' 2 experiments blood urea (Fig. 3A)
3" E o6- and creatinine (Fig. 3B) in the
E 5 2 quercetin-treated group
S s0- £ (QUR+APAP) and compared it to
=t 3 024 the model and control groups. As
il © - shown in Figure 3, APAP sharply
> Q Q ’ > Q Q increased urea and creatinine,
& ‘g"' ?g?' & ?g"' ‘g"' which were significantly (p<0.05)
® & ® & reduced by quercetin. However, the
e S inine i

levels of urea and creatinine in the

Fig. 3. Quercetin inhibits APAP-induced biomarkers of kidney injury in rats. Blood levelsQUR+APAP group were still

urea (A) and creatinine (B) were measured at the end of the experiment in different groug@p,flﬁcam (p<0.05) to the control
rats used in this study; Control group, APAP group, and QUR+APAP group. Results repr p (Figs. 3A-B). This means, a
the mean£{SD); n=6 for each group. Experiments were performed in triplicate. *p<0.05 Vmal inhibition by quercetin was
sus control, **p<0.05 versus APAP.

& B demonstrated.
1504 801 . .
. Quercetin reduces APAP-induced
] p—— * biomarkers of inflammation and
E 100 _E' oxidative stress.To investigate
g ‘g 404 whether the observed protection to
3 © kidney tissues in the group of rats
w S50+ v . .
z = 20- pre-treated with quercetin was also
associated with a reduction in the
0- 0- blood levels of biomarkers of
& & W < = & inflammation and oxidative stress,
SR SR
cf & ® & we measured at the end of the
® ® experiments (day 8) blood TNF-a
(Fig. 4A), IL-6 (Fig. 4B), MDA
c D (Fig. 4C), and GSH (Fig. 4D) in the
40+ 100+ guercetin-treated group
= - (QUR+APAP) and compared it to
£ 90 . E the model and control groups. Acute
_g x E 60+ o~ kidney injury induced by APAP
B2 E Ll significantly (p<0.05) increased
g - T TNF-a, IL-6, and MDA, which
= ® 204 were substantially protected by
ol 5 QUR. In addition, APAP
P Q Q > Q Q significantly (p<0.05) reduced the
& & & & LA antioxidant GSH (Fig. 4D), which
63‘2’ © d§' were also substantially protected by

. . : : . . . QUR. However, the levels of these
Fig. 4. Quercetin protects against APAP-induced modulation of biomarkers of |nflammat8nrameters in the QUR+APAP

oxidative stress, and antioxidant in rats. Blood levels of TNF-a (A), IL-6 (B), MDA (C), alﬁ)cf’l T
GSH (D) were measured at the end of the experiment in different groups of rats used iJfRi4P were still significant (p<0.05)
study; Control group, APAP group, and QUR+APAP group. Results represent thex@byin ( t0 the control group (Fig. 4). This
n=6 for each group. Experiments were performed in triplicate. *p<0.05 versus control, **p<0l8ans, a partial inhibition by
versus APAP. guercetin was seen.
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(APAP) in a rat model of the disease using light microscopyf Medicine, Cairo University, Cairo, Egypt for their input
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protection by quercetin, which substantially prevents the
progression of the disease. In addition, this study links the
pathophysiology of acute kidney injury with the elevation oBAYOUMY N. M. La quercetina protege contra la nefrotoxicidad
biomarkers of oxidative stress, inflammation, and kidne§guda inducida por acetaminofén asociada con la inhibicién de
damage. These conclusions are supported by the dBQigmarcadores de lesion renal aguda en ratasl. Morphol., 38
indicating that induction of acute kidney injury using arf#):876-881, 2020.
overdose of the drug APAP caused profound damage to the

. . . . RESUMEN: El acetaminofeno (también llamado
kidney architecture, which was partially prevented by pr‘?)'aracetamol o DCI) causa dafio renal agudo después de la in-

treatment with quercetin for 7 days prior to APAP intoxicatiolyestion accidental o intencional de una dosis téxica del medica-
(Fig. 2). Furthermore, quercetin significantly decreaseghento. En el estudio analizamos si el agente antioxidante y
circulating biomarkers of oxidative stress (MDA),antiinflamatorio, la quercetina (QUR) administrada sola, puede
inflammation (TNF-a and IL-6), and kidney damage (ureproteger contra la nefrotoxicidad aguda inducida por sobredosis
and creatinine) (Figs. 3 and 4). Our results were thus consist8&tDCl en un modelo de rata. Las ratas recibieron una dosis
with our working hypothesis that the antioxidant and antnica de DCI (2 g/ kg) antes de ser sacrificadas después de 24

Pt g s, ot e e e s o G i)
nephrotoxicity induced by APAP overdose in rats. : a ¢ y luegs _
horas pOSt |ngest|0n. Los riflones se examinaron mediante

. . microscopia Optica después de la tincibn con hematoxilina y
Elevated levels of biomarkers of oxidative stresggsina (H&E) y las muestras de sangre recolectadas se analiza-
inflammation, and renal dysfunction are documented Wn para detectar biomarcadores de estrés oxidativo, inflama-
many kidney diseases such as chronic kidney diseasén y dafio renal. Las secciones de rifion tefiidas con H&E del
including patients with end-stage renal failure (Dounousgirupo modelo de ratas (DCI) mostraron un dafio sustancial a la
et al, 2006), uremia (Modarest al, 2015; Laherat al, arquitectura del rifion, como lo demuestra la ampliacion del es-
2006), acute kidney injury (Bellonet al, 2012), and re- Pacio de Bowman, la dilatacion tubular, la vacuolizacién del

nal ischemia and reperfusion iniurv (G al, 2019). epitelio tubular y los vasos sanguineos_ dilatados congestion'a-
These reports are Fi)n agreeméntyV\(/itr?e(?ur finding):;s dps, que estaban parcialmente protegidos por QUR. Ademas,

. 7. DCI aumento significativamente (p <0,05) los niveles sangui-
increased levels of MDA, TNF-a, IL-6, urea, and creatiniNgaos de Ia urea, creatinina, malondialdehido (MDA), factor de

(Figs. 3 and 4) in APAP-induced acute kidney injury, anflecrosis tumoral alfa (TNF-a) e interleucina-6 (IL-6), los que
the significant reduction in the levels of these biomarkefgeron reducidos significativamente (p < 0,05) por QUR. Estos
upon treatment with quercetin might account for theesultados indican que la quercetina protege parcialmente con-
observed impvement of the kidney histology as indicatedra la lesion renal aguda inducida por DCI en ratas, asociada con
by a substantial protection to the tissue architecture (Fida inhibicion de biomarcadores de estrés oxidativo, inflamacion
2C-D). Indeed, quercetin was reported to improve renll€sion renal.

function and protect against adenine-induced chronic kidney
disease in rats (Yargy al), and ameliorates kidney fibrosis
in mice with obstructive nephropathy (Retal, 2016).

PALABRAS CLAVE: Nefrotoxicidad aguda;
Acetaminofeno; Quercetina; Modelo de rata.
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