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Inhibition of Paracetamol-Induced Acute Kidney Damage in
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SUMMARY: Paracetamol (also called acetaminophen, or APAP) overdose causes acute damage to the liver and kidneys in both
humans and experimental animal models via the induction of the oxidative stress pathway. We sought to determine whellieedhe com
antioxidants and anti-inflammatory compounds, resveratrol (RES) and quercetin (QUR) can protect against kidney injuryiaduced b
toxic dose of APAP in a rat model of APAP-induced acute kidney injury. Rats were either received a single dose of APABE(@rg/kg)
being sacrificed after 24 hours or were pre-treated for 7 days with combined doses of RES (30 mg/kg) and QUR (50 mddkdndpefore
given a single dose of APAP and then sacrificed 24 hours post APAP ingestion. Harvested kidney tissues were preparectémdagi
staining, and tissue samples were assayed for (i) biomarkers of oxidative stress and antioxidant, malondialdehyde (MBrop@ate sup
dismutase (SOD); and (ii) biomarkers of inflammation, tumor necrosis factor-alphao()iiNfet interleukin-6 (IL-6). Hematoxylin and
eosin (H&E) stained images showed that APAP overdose induced acute kidney injury as demonstrated by widening of glomeruli space
(Bowman space), tubular dilatation, numerous cellular debris in the renal tubules with tubular epithelial degeneratiom)izatomc
which were effectively protected by RES+QUR except a partial protection of the glomeruli space was observed. In addition, APAP
significantly (p<0.05) modulated tissue levels of MDA, SOD, TiNFand IL-6, which were protected by RES+QUR. Furthermore, a
significant (p<0.0001) positive correlation was observed between glomeruli space aind [fNE=8899), IL-6 (r=0.8986), and MDA
(r=0.8552), whereas glomeruli space scoring versus SOD showed negative correlation (r= - 0.7870). We conclude thatplesveratrol
quercetin substantially protects against APAP-induced acute kidney injury in rats, possibly via the augmentation of andiodtidant
inhibition of oxidative stress and inflammation.
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INTRODUCTION

Paracetamol (APAP) induced combined hepatat al, 2004). APAP is metabolised in the liver and hepatotoxic
nephrotoxicity is common in both humans and experimemetabolites that represents about 10 % of the whole
tal animal models after accidental or intentional ingestiometabolites are rapidly inactivated by glutathione (GSH) to
of an overdose of the drug (McGdt al, 2012; Karaalet protect the hepatocytes (Janssal, 2003). But, with the
al., 2018). About 50 % of acute liver failure admitted casadrug overdose for example, the elevated levels of liver toxic
in the United States of America are caused by APARetabolites, mainly N-acetyl-p-benzoquinoimine (NAPQI)
poisoning (Ostapowicet al, 2002; Larsoret al, 2005). It rapidly deplete GSH and covalently modify cellular proteins
is the most common agent of intentional self-harm and APARading to the generation of high levels of reactive oxygen
poisoning claimed the life of 284 persons aged 12 years aggkcies (ROS) and depletion of the ATP, which results in
over between 1993-1996 in England and Wales, UK (Hawtenitochondrial damage and hepatocyte and kidney injuries
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(Hinsonet al,, 2004). However, it was postulated thaR00 g were used in this study. All rats were bred and housed
depletion of 90 % of GSH in hepatocytes is criticallyin the research center of King Khalid University, College of
necessary for the development of cell necrosis (Hendersigiedicine (Abha, Saudi Arabia), at temperature oft2B

et al, 2000). In addition, hepatic inflammatory cytokinesC and a 12 h light: 12 h dark cycle. Rats had free access to
are also reported to be involved in APAP-induced liver injurtap water and fed standard laboratory chow during the
(Blazkaet al, 1996). acclimatization period.

Quercetin and resveratrol are polyphenoli&xperimental design.After a one week adaptation period,
antioxidants found in fruits, vegetables, and grains (Burdats were randomly assigned into 3 groups (n = 6; each) and
& Oleszek, 2001; Cudmoret al, 2012). They have been were distributed in their corresponding cages and classified
widely known to have potent cardiovascular protective arak follows: (1) Control group: rats received normal saline
therapeutic effect via scavenging ROS (Hehgl, 2000), daily for 7 days; (2) APAP intoxicated group (Model group):
anti-inflammatory effects (Rogeriet al, 2007; Al-Ani, rats received normal saline for 7 consecutive days and then
2013), inhibit lpid peroxidation (Frankedt al, 1993), and given a single dose of APAP (2 g/kg, orally); and (3)
liver and kidney protection (Faghihzadetal, 2015; Zhang RES+QUR+APAP group: rats were pre-treated with RES
et al, 2017). The combination of resveratrol and quercetif80 mg/kg) and 50 mg/kg QUR for 7 consecutive days and
has not been used before to study the protection of kidn#hen administered with a single dose of APAP (2 g/kg, orally).
tissue upon paracetamol intoxication in an animal modeAPAP was administered to the desired groups one hour after
Therefore, this study was designed to investigate the degtbe last dose of treatment on day 7 and all treatment in all
of protection by resveratrol and quercetin given in combinatiaroups were administered i.p. in a final volume of 1 ml. All
against APAP intoxication to the glomerular and renal tubulanimals were sacrificed at day 8.
structure, and compare it with the level of protection provided
by these agents to known kidney injury biomarkers. Determination of tissue levels of MDA, SOD, and TNF-
a, and IL-6. At day 8, animals were sacrificed and tissue
levels of MDA, SOD, TNFa, and IL-6 were determined

MATERIAL AND METHOD using ELISA kits according to the manufacturer’s
instructions.

Reagents and assay kitsQuercetin (C15H1007, CAS Histological examination.As we previously reported (Al-
Number 117-39-5) was purchased from Sigma-Aldrich (SHashenet al, 2019), kidney specimens were immediately
Louis, MO, USA) and was prepared daily and freshly bfixed in 10 % formal saline for 24 hours. Paraffin blocks
dissolving in a normal saline solution (0.9 % NacCl) to thevere prepared,and jsm thick sections were subjected to
final concentration of 50mg/ml. Resveratrol (C14H1203ematoxylin and eosin (H&E) stain to elucidate the status
Cat No. R5010) was also purchased from Sigma-Aldriabf kidney architecture and the structural changes.
(St. Louis, MO, USA) and was prepared daily and freshly
by dissolving in a saline solution (0.9 % NaCl) containg 28tatistical and morphometric analysis.The data were
% hydroxypropyl cyclodextrin (American Maize-Productexpressed as meanstandard deviation (SD). Data were
Co., Hammond, IN, USA) to a final concentration of 30 mgprocessed and analyzed using the SPSS version 10.0 (SPSS,
kg. Assay kits for determination of malondialdehyde (MDAInc., Chicago, Ill., USA). One-way ANOVA was done
Cat No. NWK-MDAOQ1) were purchased from NWLSSfollowed by Tukey’s post hoc test. Pearson correlation
(Vancouver, BC, Canada). Superoxide dismutase (SOBXptistical analysis was done for detection of a probable
assay kit was purchased from Cayman Chemical, Catgnificance between two different parameters. Results were
No0.706002. ELISA kits for determination the levels of IL-6considered significant if g 0.05.
(Cat No. ELR-IL6-001) was purchased from RayBio, GA,
USA. ELISA kits for determination of TNE-(Cat No. Using "Leica Qwin 500 C" image analyzer
ab46070) was purchased from Abcam, Cambridge, UK. (Cambridge, UK), the diameters of glomeruli space were
obtained in 10 non overlapping high power fields/ rat of
Animals. All experimental procedures were approved byH&E-stained sections. Quantitative data were tabulated as
the medical research ethical committee at King Khalicheans and standard deviations (SD) and compared using
University and according to the Guide for the Care and Us@alysis of variance (ANOVA) followed by post-Hoc
of Laboratory Animals published by the US Nationahnalysis (Tukey test). Significant difference was considered
Institutes of Health (NIH publication No0.85-23, revisedvhen P-value <0.05. Calculations were made on SPSS soft-
1996). Sprague Dawley rats (n=18) weighing 170ware (version 19).
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RESULTS mean diameter of glomeruli space revealed substantial
protection (p<0.0001) by resveratrol plus quercetin but still
significant (p=0.0012) to the control group (Fig. 1G).

Resveratrol plus quercetin protect kidney tissue against

APAP-induced injury. Acute kidney injury was induced in the Resveratrol plus quercetin protect the modulation of

model group of rats by a toxic dose (2 g/kg body weight) dfiomarkers of kidney tissue injury induced by APAP. High

APAP. Harvested kidney tissues from all animal groups at déood and tissue levels of inflammation and oxidative stress

8 were stained with H&E and examined under ligh&re known to be involved in the pathology of acute kidney

microscopy. Compared to normal tissue histological structurgjury in animal models and humans (Askarial., 2018;

of renal corpuscles or Malpighian renal corpuscles (MCRavarottcet al, 2018). To investigate the level of inhibition

proximal (P) and distal (D) convoluted tubules in the contraf modulation of these biomarkers by combined injections

group (Figs. 1A and 1B), APAP substantially damaged the&f resveratrol and quercetin for 7 days prior to APAP
kidney tissue as demonstrated by widening of glomeruli spaic#oxication; we measured tissue levels of inflammation

(arrowhead), tubular dilatation (curved arrow), numerou@-igs. 2A and 2B) and oxidative stress and antioxidant (Figs.

cellular debris in the renal tubules with tubular epitheliaBA and 3B) in all rat groups. As shown in Figures 2A and

degeneration, vacuolization (wavy arrows), and promine@B, acute kidney injury induced by APAP significantly
desquamation of the lining epithelium (Figs. 1C and 1D). Pr¢p<0.05) increased TNé&-and IL-6, which were substantially
treatment with resveratrol plus quercetin preserved normailotected by RES+QUR. In addition, APAP significantly
structure of renal corpuscles and convoluted tubules (Figs. {{i<0.05) augmented the oxidative stress biomarker MDA
and 1F). However, few mildly dilated glomeruli space wer@=ig. 3A) and ameliorated the antioxidant SOD (Fig. 3B),
noted in some fields. Furthermore, quantitative analysis of timhich were also substantially protected by RES+QUR.
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Fig. 1. Resveratrol and quercetin protect against APAP-
induced acute kidney injury in rats. H&E stained kidney

sections (A, C, E x200; B, D, F x400) obtained at the end
of the experiment in different groups of rats used in this
study; Control group (A and B), APAP group (C and D),

and RES+QUR+APAP group (E and F). Quantitative
analysis of the mean diameter of Glomeruli's space is
shown in (G). Abbreviations: MC, renal corpuscles or
Malpighian renal corpuscles; P, proximal convoluted

tubule; D, distal convoluted tubule.
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Fig. 2. Resveratrol and quercetin inhibit APAP-induced inflammatory biomarkers in rats. Kidney homogenates levels of
TNF-a (A) and IL-6 (B) were measured at the end of the experiment in different groups of rats used in this study; Control
group, APAP group, and RES+QUR+APAP group. Results represent thex8&3n (=6 for each group. Experiments

were performed in triplicate. *p<0.05 versus control, **p<0.05 versus APAP.
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Fig. 3. Resveratrol and quercetin protect against APAP-induced modulation of oxidative stress and antioxidant biomarkers
in rats. Kidney homogenates levels of MDA (A) and SOD (B) were measured at the end of the experiment in different
groups of rats used in this study; Control group, APAP group, and RES+QUR+APAP group. Results represent the mean
(xSD); n=6 for each group. Experiments were performed in triplicate. *p<0.05 versus control, **p<0.05 versus APAP.

Positive correlation between renal corpuscle injurggents, resveratrol plus quercetin are stable and useful
scoring and biomarkers of inflammation and oxidativédrugs” in kidney injury rats, and to further support the
stress. We determined the correlation between the mdank between acute kidney injury and inflammation and
diameter of glomeruli capsule space and the tissue levelddative stress. As shown in Figures 4A-C, a positive
of inflammation and oxidative stress biomarkers in all angorrelation was shown between acute kidney injury and
mal groups in order to further confirm and characterizdhese biomarkers; glomeruli space versus TiNF-
that the role of the antioxidants and anti-inflammatoryr = 0.8899) (p<0.0001), glomeruli space versus IL-6
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(r =0.8986) (p<0.0001), and glomeruli space versus MD#as shown between glomeruli space and the antioxidant
(r=0.8552) (p<0.0001). In addition, a negative correlatioBOD (r = - 0.7870) (p<0.0001) (Fig. 4D).
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Fig. 4. Correlation between Glomeruli's space and biomarkers of inflammation, oxidative stress, and antioxidant. The
mean diameter of Glomeruli’s space was measured in all groups of rats on day 8 and the relationship between Glomeruli's
space and TN IL-6, MDA, and SOD are shown in (A — D), respectively.

DISCUSSION

The main objective of our study was to investigatand effectively inhibit the modulation of MDA, SOD, TNF-
the potential protective effect of the combined twa, and IL-6 in APAP-induced acute nephrotoxicity in rats.
antioxidants, resveratrol and quercetin on kidney dama@eir data that point to the beneficial effects of resveratrol
induced by APAP in a rat model of acute kidney injury usinglus quercetin that ameliorate the deleterious effects of
light microscopy. In addition, our protective approach usingaracetamol are in agreement with the previously published
both agents was also used to assess levels of kidney injatydies that showed resveratrol protects against several types
biomarkers, oxidative stress, antioxidant, and inflammatiaof renal injury induced by several methods such as diabetic
using ELISA approach. Therefore, rats were pre-treated foephropathy, drug-induced injury, and aldosterone-induced
one week with resveratrol plus quercetin prior to theenal injury (Kitada & Koya, 2013), and quercetin improved
induction of the disease by a toxic dose of APAP, and thenal function and protected the kidney in a rat model of
histological and biochemical parameters were monitored aadenine-induced chronic kidney disease (Yetrag., 2018).
confirmed the beneficial effects of these agents (Figs. 1-4Jowever, conflicting data on the protective / treatment effects
Resveratrol plus quercetin markedly inhibit kidney injuryof resveratrol alone against APAP-induced acute liver injury
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in rats have been reported (Wojnar@tél., 2015; Elbest  nes tefiidas con H & E mostraron que la sobredosis de APAP indu-
al., 2018). A recently published work (Elbeal) reported jo dafio renal agudo como lo demuestra la ampliacién del espacio
a significant inhibition of liver INOS immunostaining andglomerular, la dilatacion tubular, numerosos desechos celulares en
hepatocyte ultrastructure damage by RES (10 mg/kg) givils tubulos renales con degeneracion epitelial tubular y la

20 minutes post APAP (1 g/kg) injection in rats. WhereavaCUOI'ZaC'on’ que se protegieron eficazmente con RES + QUR

§'e observé una proteccion parcial del espacio glomerular. Ade-

administrating triple-dose RES (30 mg/kg) at the same tinﬁ‘?és, APAP modificé significativamente (p <0.05) los niveles

W_'th APAP (1 9/"9)_ t? rats caused a weak inhibition o{isulares de MDA, SOD, TNE- e IL-6, que estaban protegidos
biomarkers of liver injury, ALT and no effect on the ALT ,or RES + QUR. Ademas, se observé una correlacién positiva sig-
levels in cultured hepatocytes prepared from these animglgcativa (p <0,0001) entre el espacio glomerular y el TNKr =
(Wojnarovéet al). In addition, the same group (Wojnarovap 8899), IL-6 (r = 0,8986) y MDA (r = 0,8552), mientras que la
et al) found no significant pathological changes in the livggsuntuacion del espacio glomerular versus SOD mostré correlacion
tissue of the model group (APAP) stained with H&Enegativa (r = - 0,7870). Concluimos que el resveratrol mas
Whereas, our H&E images demonstrated a substantial kidrq;yarcetina protege sustancialmente contra la lesion renal aguda
damage induced by APAP (Figs. 1C and 1D). Our treatmelRgiucida por APAP en ratas, posiblemente a través del aumento de
protocol (2 g/kg APAP) versus their treatment protocol (1 g@\ptlomdantes y la inhibiciéon del estrés oxidativo y la inflamacion.

kg APAP) could be the reason of such differences. PALABRAS CLAVE: Lesién renal aguda:

. . Paracetamol; Resveratrol; Quercetina; Modelo de rata.
Collectively, our data support the conclusion that pre=

treatment with resveratrol plus quercetin can effectively

protect against acute kidney injury and inhibits inﬂammato%EFERENCES
and oxidative stress biomarkers in a rat model of APAP
overdose-induced nephrotoxicity.
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