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ABSTRACT 

 
Quercetin has potent antioxidant action and a hepatoprotective role. The aim of this study was to evaluate the 

hepatoprotective action of quercetin pretreatment in paracetamol-induced liver damage (PILD) and structural 

injury resulting from partial hepatectomy (PH). In the first model, Wistar rats received oral quercetin 

(50mg/kg/day) during 8 days. On the 8th day, 3g/kg paracetamol were added. In the second model, the same 

quercetin dose was given during 7 days and rats were submitted to PH on the 8th day. Blood samples were obtained 

for determination of enzyme levels. Liver, heart, kidney and lung tissue were also collected for assessment of 

quercetin biodistribution and/or histological analyses. The results obtained after PILD were more pronounced at 24 
hours, as reflected by the reduction of serum ALT levels and by the lower concentration of quercetin in liver at this 

time point. Quercetin also had a protective effect in groups submitted to PH, as shown by decreased ALT levels after 

18 hours, and of AST levels after 18 and 36h. The reduction in serum AST and ALT levels suggest that treatment 

with quercetin is useful as a preoperative pharmacologic measure and for prevention of liver damage caused by 

drugs. 
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INTRODUCTION 
 

Quercetin, a flavonoid compound with potent 
antioxidant action and a protective role in various 

diseases, has been widely studied
1
. A significant 

number of chemical properties and 
pharmacological effects have been attributed to 

quercetin in animal models, such as reduction of 

serum cholesterol levels
2
 and anti-inflammatory 

action in lung injury. Rat models of various liver 
disorders have shown a hepatoprotective role of 

quercetin, which has been associated with 

increased survival in cirrhosis
3
 and protection 

against induced liver damage
4,5

. In addition, there 

is evidence that quercetin is effective for cancer 

treatment and that it provides protection against 
cardiovascular, renal, and liver disease

6
.  

Quercetin scavenges reactive oxygen species 

(ROS), inhibits xanthine oxidase as well as lipid 

peroxidation, in addition to scavenging and 
stabilizing iron

7
. The superoxide anion and the 

hydroxyl radical are involved in liver damage 

resulting from lipid peroxidation and interstitial 
matrix degradation

8
.  

Bona et al.
9
 report that a significant increase in 

serum levels of aspartate aminotransferase (AST) 
and alanine aminotransferase (ALT) after 

inhalation of chloroform in rats was reversed with 

quercetin administration, supporting the notion 

that quercetin has antioxidant and hepatoprotective 
effects. Also, it has been shown that the use of 

quercetin significantly reduces the biochemical 

alterations caused by cirrhosis, increasing survival 
in animals with secondary biliary cirrhosis. 

Nevertheless, fewer studies have investigated 

whether pretreatment with quercetin might be 

useful to prevent injury. Behling et al.
6
 have 

suggested that oral intake of quercetin may protect 

the liver against ischemia and reperfusion injury.  

Toxic hepatitis is a common condition in clinical 
practice, and accounts for about 0.2% of all 

hospital admissions and 2-3% of admissions due to 

adverse drug effects
10

. In the U.S. and U.K., it is 
the main cause of fulminant liver failure, 

especially in the presence of accidental or 

intentional overdosing
11

.  

Liver regeneration after partial hepatectomy has 
been broadly investigated, especially with the rat 

model proposed by Higgins & Anderson
12

. 

Considering the studies in which quercetin has 
liver protective action, few of them refer to the 

pretreatment . We believe that as quercetin can 

reverse liver damage, there is a chance to avoid 

them with pretreatment. The objective of the 

present study was to evaluate the hepatoprotective 

action of quercetin pretreatment in two 
experimental rat models of liver damage: 

paracetamol-induced damage and structural injury 

resulting from partial hepatectomy. 

 

MATERIAL AND METHODS 
 

The study protocol was approved by the Animal 
Research Ethics Committee at the Catholic 

University of Campinas. 

 

Materials 

Reagents were acquired from the following 

sources: quercetin, AllChemistry; paracetamol, 
Pharma Nostra; enzyme assay kit, LaborLab. All 

other reagents were analytical grade. 

 

Animals 
Eighty sixty-day old male Wistar rats (weight: 

230g ±10g) were obtained from the Life Sciences 

Center Animal Facility (Pontifícia Universidade 
Católica de Campinas, SP, Brazil). During all 

experiments, the animals were maintained in 

rooms with temperature control (23±1°C) under a 
12-hour light/dark cycle. They were fed 

commercial chow (Nuvilab) and water ad libitum. 

 

Paracetamol-induced liver damage  
Fourthy animals were divided into two groups: 

quercetin and control (Figure 1). The quercetin 

group was further divided into four subgroups 
(five animals in each subgroup): quercetin 24h 

(Q24) and quercetin 72h (Q72), receiving oral 

suspension of quercetin through a gastric tube (50 

mg/kg/day) during eight days and euthanized with 
ketamine 24h or 72h after the last administration 

of quercetin respectively; and quercetin and 

paracetamol 24h (QP24) and quercetin and 
paracetamol 72h (QP72), receiving oral 

suspension of quercetin through a gastric tube (50 

mg/kg/day) during eight days plus 3g/kg of 
paracetamol with the last dose of quercetin. These 

animals were also euthanized with ketamine. 
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The control group was also subdivided into four 

subgroups: negative control 24h (NC24) and 
negative control 72h (NC72); these groups 

received saline solution for eight days and were 

euthanized with ketamine 24 or 72 hours after the 

last administration of saline solution respectively; 
and positive control 24h (PC24) or positive control 

72h (PC72), which received saline during eight 

days, with paracetamol (3 g/kg) added on the last 
day and were euthanized with ketamine.  

Blood samples were obtained by cardiac puncture 

of the left ventricle for determination of ALT and 

AST levels. Liver tissue samples were obtained for 
histological processing. Additionally, liver, heart, 

lung, and kidney samples were obtained for 

analysis of quercetin biodistribution.  
Paracetamol dose was determined as described by 

Oyagbemi and Odetola
12

. Quercetin dose was 

based on Vidhya & Indira
4
 and on Kawai et al.

13
. 

Both were administered via a gastric tube. 

Quercetin was dissolved in physiological saline for 

a total volume of 1 mL. 

 

Partial hepatectomy 

Fourthy animals were divided into a quercetin and 

a control group (Figure 1). Each was further 
subdivided into four subgroups. The quercetin 

group received 50 mg quercetin/ kg/day suspended 

in saline for a volume of 1mL and administered 
via a gastric tube during seven days. After that, the 

rats underwent partial hepatectomy. After 18, 24, 

36 or 48h the animals received an intraperitoneal 

injection of vincristine sulfate (groups PHQ18, 
PHQ24, PHQ36, PHQ48 respectively). After 2h, 

the animals were anesthetized for removal of the 

lobes remaining from partial hepatectomy and for 
cardiac puncture, followed by euthanasia with 

ketamine. 

The control group received 1 mL saline solution 

via gastric tube during seven days. The animals 
were then submitted to partial hepatectomy. After 

18, 24, 36 or 48h the animals received an 

intraperitoneal injection of vincristine sulfate 
(groups PHC18, PHC24, PHC36, PHC48 

respectively). After 2h the animals were 

anesthetized for removal of the lobes remaining 
after partial hepatectomy and for cardiac puncture, 

followed by euthanasia with ketamine. 

Partial hepatectomy was carried out as described 

by Higgins and Anderson
12

. Samples of the 
remaining lobes were obtained 18, 24, 36 or 48 

hours after surgery and were used for histological 

and histochemical analyses. 

 

Histological processing 

Liver tissue fragments were cut into 7 -thick 

slices and stained with hematoxylin-eosin (HE), 
picrosirius red (PR), or periodic acid-Schiff (PAS). 

Images were digitally captured using a 

photomicroscope (Nikon Eclipse E200TM) 
coupled to a camera (Nikon Colpix 4500TM). The 

following aspects were taken into consideration to 

analyze hepatoprotective activity:  type and 

intensity of liver damage, and presence of 
steatosis, inflammatory infiltrate, fibrosis, and 

necrosis. To evaluate necrosis, the number of 

damaged centrilobular veins (clv) was determined 
(clv) in HE-stained slides (a section of 2 liver 

fragments from different lobules) and the results 

were expressed in vcl/cm
2
. TPS Dig

®
 1.30 

software was used for counting. To evaluate 

fibrosis, 5 micrographs of the centrilobular region 

and 5 micrographs of the portal region from slides 

stained in Picrosirius Red (a total of 50 
micrographs per group) randomly obtained in 

480x magnification were analyzed. AreaMed
®

 

software was used to measure the fibrotic area 
(collagen fibers). To evaluate the distribution of 

glycogen and other 1,2-glycols, qualitative 

assessment of PAS-stained slides was performed, 

comparing treated animals to negative and positive 
control groups. Results were shown in the 

micrographs. 

After partial hepatectomy, mitotic index and 
apoptosis were assessed. 

 

Determination of enzyme activity 
ALT and AST activity was determined in blood 

serum using LaborLab
TM

 kits and a UV-Vis 

Varian
TM

 spectrophotometer. 

 

Biodistribution of quercetin following 

paracetamol overdose 

Liver, heart, lung, and kidney tissue samples were 
macerated at a ratio of 200 mg of tissue to 0.2 ml 

of ethanol p.a. (Merck
TM

). The suspension was 

then centrifuged for 5 minutes (2260 g). The 
process was repeated 5 times for maximum 

quercetin extraction. The supernatant was 

concentrated in an incubator at 50°C with 

continuous nitrogen flow. Samples were re-
suspended in 0.5 ml ethanol and filtered with a 45 

m-filter membrane. Twenty l of each sample 
were directly injected in a high-performance liquid 

chromatography (HPLC) system (Varian Prostar 
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320/210). Ethanol p.a. was used as mobile-phase 

solvent and elution flow rate was 1 ml/min. The 

chromatographic peaks obtained were quantified 
by spectrophotometry (370 nm)

14
. The analytical 

curve was constructed by analyzing the following 

standards of quercetin: 0.001 mg/ml, 0.002 mg/ml, 

0.006 mg/ml, 0.01 mg/ml and 0.02 mg/ml. A 
Microsorb-MV 100-S C18 250x4.6 column was 

employed
13

.  

Analysis of results 
To evaluate necrosis, the number of centrilobular 

lesions was determined in slides stained with HE 

using TPS Dig software version 1.30. The results 

were expressed as centrilobular vein/cm
2
 

(CLV/cm
2
). For assessment of fibrosis, five 

micrographs of the centrilobular region (CR) and 

five random micrographs of a portal region were 
analyzed in PR-stained slides, from a total pool of 

fifty micrographs per group (X480). The 

AreaMed
TM

 software was used to measure fibrosis 
area. Distribution of glycogen and other 1,2-

glycols was analyzed in PAS-stained slides (semi-

quantitative analyses). Mitotic and apoptotic 

figures were counted in 20 fields per section of 
liver tissue stained with HE and PAS. 

Statistical analyses of morphometry, AST and 

ALT, and quercetin biodistribution were 
performed in Graph Pad PRISM

TM
 3.0 software. 

Analysis of variance (ANOVA) followed by 

Bonferroni’s test (p <0.05) were used for group 
comparisons. 

 

RESULTS AND DISCUSSION 
 

Effects of quercetin on paracetamol-induced 

liver damage  

Histological analysis revealed absence of steatosis 
in the positive paracetamol control groups. 

However, fibrosis and necrosis with 

polymorphonuclear infiltrate were present. 
Necrosis was observed predominantly in the 

centrilobular region, especially in the PC72 group. 

Based on this observation, inflammatory foci were 
quantified in this region (semi-quantitative 

analyses), whereas fibrosis was quantified in 

acinar zones 1 and 3 in PR-stained slides. Liver 

tissue was preserved in groups receiving quercetin 
(Q24 and Q72) and in negative controls  (NC24 

and NC72) (Figure 2). 

 

 
 

Inflammatory infiltrates with and without necrosis 

were observed in the positive control (PC) and 

quercetin-paracetamol (QP) groups, especially in 
PC24 and PC72: five animals in each of these 

groups developed centrilobular necrosis, whereas 

in QP24 and QP72 only two animals developed 
necrosis. Nevertheless, this difference was not 

statistically significant. A similar result has been 

reported by Mandal et al.
14

 in arsenite-induced 
liver fibrosis. In that study, administration of 

galactosylated liposomal quercetin reduced 

histological alterations such as focal necrosis, 

Kupffer cell hyperplasia, and steatosis. 
Figure 3 shows collagen fibers present in acinar 

zones 1 and 3. Collagen deposition was moderate 

in all groups. There were no significant differences 
between the groups in terms of fibrosis, even 

though less collagen deposition was observed in 

the portal region in QP24 vs. PC24 (Figure 4). 
Less collagen deposition in the centrilobular 

region was also observed when QP24 (zones 1 and 

3) and QP72 (zone 3) were compared with PC24 

and PC72 respectively. 
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These results may be explained by the small 
number of collagen fibers observed in the positive 

control groups (PC). This is in agreement with 

previous studies
10,15,16,17

, which also do not 
describe fibrosis in association with paracetamol-

induced toxic hepatitis. In addition, since the 

development of fibrosis in liver is progressive and 
dependent on the activation of hepatic stellate 

cells, intervals of 24h and 72h are too short to 

allow observation of significant production of 

collagen fibers. Other studies with different 
models of carbon tetrachloride-induced toxic 

hepatitis
9,18

 or a model of methionine-choline 

deficient diet
19

 or studies of arsenite-induced 
lesions

15
 describe attenuation of fibrosis by 

quercetin. Kawada et al.
20

 showed that quercetin 

and other natural phenolics inhibit stellate cell 

activation by disturbing signal transduction 
pathways and cell protein expression, thus 

interrupting the differentiation of stellate cells into 

myofibroblasts, and the consequent production of 
collagen type I and II. 

Figure 5 shows that animals treated with a high 

dose of paracetamol presented a great reduction in 

glycogen and other 1,2-glycols (PAS-positive 
inclusions) in the centrilobular region. In the group 

receiving quercetin, the inclusions were kept, 

indicating a possible hepatoprotective action of 
quercetin regarding this aspect. A decrease in liver 

glycogen resulting from paracetamol action has 

been reported by Itinose et al.
21 

and is related to 
the irreversible linking of paracetamol to a reactive 

metabolite or the inhibition of mitochondrial 

energy metabolism. Even though a quantitative 

analysis was not carried out, we clearly observed 
that pretreatment with quercetin inhibited 

glycogen depletion in zone 3. 

 

 
 

Regarding AST and ALT, the high dose of 

paracetamol administered to positive control 

groups (PC) led to an increase in AST and ALT 
levels. The groups receiving pretreatment with 

quercetin had a significant reduction in serum 

ALT and a reduction in serum AST levels vs. PC 
groups (Figure 6). Yousef et al. 

22
 administered 

quercetin suspended in saline for 15 days (20 

mg/kg) before a toxic paracetamol dose and also 

observed a reduction in the serum levels of AST 
and ALT. Vidhya and Indira 

4
 and Chen

5
 describe 

a significant reduction in these enzymes with the 

use of quercetin in a rat model of ethanol-induced 
hepatic lesion. The same was observed by David et 
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al. 
23

 in an experimental model with thioacetamide. 

A recent work by El-Shafey et al. 
24

, in which oral 

quercetin was given to rats (15 mg/kg/day) during 
21 days prior to a toxic dose of paracetamol, 

focused on many of the parameters assessed by us 

in the present study. The results of that study were 

significant for AST, ALT, and alkaline 
phosphatase, showing that quercetin reversed 

paracetamol-induced damage. It is possible that 

the extended period of quercetin administration in 
the study by El-Shafey et al.

 24
 may explain the 

broader hepatoprotection and higher number of 

significant parameters as compared to the present 

study.No significant alterations were detected in 
alkaline phosphatase levels when the groups were 

compared. Some authors describe an increase in 

this enzyme in cases of paracetamol-induced liver 
damage

12,22
 . In PC groups, this finding is in 

agreement with histologic results showing absence 

of changes in biliary ducts using light microscopy. 
According to Matos and Martins

10
, this suggests 

that paracetamol-induced hepatotoxicity is 

cytolytic rather than cholestatic. 

 

 
 
An influence of paracetamol overdose on the 

biodistribution of quercetin was confirmed (Figura 

6). There was a reduction in the concentration of 

quercetin in liver, with significant differences 
between Q24 and QP24. This suggests that 

quercetin was transformed into an unidentified 

metabolite, probably with ineffective antioxidant 

action. This result agrees with those obtained for 

ALT as well as with histologic results showing 

that the antioxidant activity of quercetin at the 
dose employed plays an important 

hepatoprotective role.  

 

 
 
Given the role of liver in metabolism and 

detoxification, the highest concentrations of 

quercetin were observed in liver up to 72h after the 
last administration of the drug when compared to 

other tissues analyzed (Figure 7). There are few 

reports in the literature regarding the 
biodistribution of quercetin. In pigs, Bieger et al.

25
 

observed that the administration of a single 

quercetin dose of 25 mg/kg produced 

concentrations of 6.2 nmol/g in liver, 2.84 nmol/g 
in kidney, 1.48 mmol/l in plasma after 90 minutes.  

Similar results regarding biodistribution were also 

obtained by De Boer et al.
26

 in rats treated with 
quercetin for 11 weeks and in pigs treated for 3 

days. The present study suggests that a higher 

concentration of quercetin in liver and kidney, 
especially at 24h, might be explained by function, 

since both tissues/organs are highly vascularized.   

In QP24 and QP72, we observed that the 

concentration of quercetin decreased significantly 
in all tissues (except lung) and especially in liver 

and plasma. The reduction of quercetin 

concentrations in different organs and in serum 
was probably triggered by the neutralization of 

free radicals released with the high dose of 

paracetamol, curtailing the hepatotoxic effect. It 

should be considered that the administration of 
toxic doses of paracetamol causes saturation of 

glucuronidation and sulfation pathways, with the 

P-450 cytochrome pathway undertaking an 
important role in the biotransformation of 

substances, promoting the formation of N-acetyl-

p-benzoquinone imine (NAPQI). Thus, the liver 
reserve of glutathione is depleted, increasing the 
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reaction with sulfhydric groups of liver proteins, 

interrupting the flow of mitochondrial calcium and 
leading to necrosis of liver cells

27
. In the presence 

of changes in mitochondrial metabolism, 

hepatotoxicity may also occur through ROS 

formation, e.g. superoxide anion (O2), hydrogen 
peroxide (H2O2), and hydroxyl radical (OH

-
), 

reactive nitrogen species, e.g. nitric oxide and 

peroxynitrite (ONOO
-
), and products of 

peroxidation reaction
28,29

. The reaction is amplified 

through activation of Kupffer cells and the 

production of cytokines and free radicals, which 

leads to centrilobular apoptosis and necrosis in 
zone 3. Necrosis takes place in this location 

because zone 3 cells have the highest 

concentration of cytochrome P-450 and also 
because this is where the drug is converted into 

active metabolites 
27,28,29,30,31,32

. Dahlin et al
33

, 

Moore et al.
34

, and Padma et al.
35

 investigated the 
action of quercetin on the toxicity of lindane, a 

substance affecting the homeostasis of glutathione 

and causing alterations in P-450 cytochrome P450 

monooxygenase enzymes. Those authors 
confirmed the efficacy of quercetin, attributed to a 

potent antioxidant activity.   

 

 
We hypothesize that our overall results were not 

remarkable/significant for the 72h time point 

because treatment was interrupted and the amount 
of quercetin in the liver was not sufficient to 

reflect a hepatoprotective effect. Terminal 

elimination half-life was about 11 hours in a study 
by Graefe et al 

36
. 

The comparison of QP24 vs. Q24 allows us to 

formulate some hypotheses regarding the 

mechanisms of action of quercetin. Considering 
the effect of toxic doses of paracetamol mentioned 

earlier on glucuronidation and sulfation and 

formation of NAPQI, the first hypothesis would be 
that quercetin may react directly with reactive 

NAPQI. The second hypothesis suggests that 

NAPQI reduction by paracetamol might occur 
with the formation of oxidized quercetin 

metabolites. To elucidate this process, additional 

studies should be performed using quantitative 

LC/MS analyses to characterize the quercetin 
metabolite produced under these circumstances 

and which could explain the depletion of 

quercetin. 

 

Effects of quercetin on partial hepatectomy  

The analysis of mitotic index and of the number of 

apoptosis events showed that all groups had 
similar normal liver hyperplasia, without 

significant differences (Figure 8). Interestingly, 

however, apoptosis began in the PHQ group at 36h 
after PH, whereas in PHC apoptosis events were 

noted only at 48h. This suggests early onset of 

apoptosis in the group receiving quercetin. 
Quantification of mitosis and apoptosis events 

revealed very small numbers for the control group 

without partial hepatectomy. In a rat model, Iwao 

and Tsukamoto
37

 injected quercetin (200 mg/kg) 
intraperitoneally immediately after PH. Those 

authors found that quercetin inhibited DNA 

synthesis and induced apoptosis in regenerating 
liver after PH. Quercetin injection decreased the 

activity of rate-determining enzymes of DNA 

synthesis. Conversely, Arash
38

 administered 
quercetin to rats (15 mg/kg orally) for 14 days 

before inducing ischemia/ reperfusion injury. That 

investigator found that quercetin might have a role 

at a sub cellular level in preventing induced 
necrosis and apoptosis, and that quercetin seems to 

protect hepatobiliary function and liver structure. 

According to Liu et al.
39

, liver resection leads to 
portal hyperperfusion injury of the remnant liver. 

In contrast to normal controls, serum ALT levels 

were significantly increased in rats subjected to 

ischemia/reperfusion injury and PH respectively. 
Surgical manipulation impairs local 

microcirculation and causes transient focal 

ischemia.  However, it is not possible to establish a 
direct correlation between the effects of PH and 

those of ischemia and reperfusion.   
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According to Gonzales et al.
40

 ATP released after 

PH regulates liver regeneration in rats. Those 
authors state that extracellular ATP is released 

immediately after hepatectomy from hepatocytes 

and Kupffer cells under mechanical stress and 
promotes liver regeneration in rats. They conclude 

that ATP is transiently released from the liver in 

response to immediate hyperpressure following 
PH. At least both hepatocytes and Kupffer cells 

contribute to this release, which may be one of the 

earliest signals triggered by PH. Chávez and 

Cuellar
41

 have produced experimental evidence 
supporting a role of quercetin as ATPase inhibitor. 

This could explain the inhibition of liver 

regeneration by quercetin in earlier studies. 
It should be considered that synthesis of DNA in 

non-parenchymatous cells starts on average 24 

hours after the onset of DNA synthesis in 
hepatocytes. The mitotic peak in Kupffer cells, 

endothelial cells, and ductal cells has been shown 

to occur 48-96 hours after partial Hepatectomy 
42

.  

In relation to transaminases, a significant reduction 
in serum ALT levels occurred in the PHQ18 group 

as compared to its control the PHC18 group 

(Figure 9). This suggests hepatoprotection at the 
18-hour time point. This finding was not observed 

at 24 hours, possibly because of quercetin 

depletion resulting from its antioxidant action, 

leaving insufficient amounts for significant results 
after 18 hours. A different result might have been 

obtained if the administration of quercetin were 

maintained after PH. This aspect deserves further 

investigation. 
Quercetin administration reduced the serum 

concentration of AST in PHQ18 and PHQ36 as 

compared to their control groups. Van-de-Poll et 

al. 
43

 state that liver failure is a severe 
complication of liver surgery and conclude that the 

inflammatory cascade seems to be initiated early 

in abdominal surgery; thus, interventions that aim 
to reduce postoperative inflammation and 

associated complications should be initiated during 

or before surgery. In this context, HP could be 

interpreted as structural damage.  
David et al.

23
 showed that four days of treatment 

with quercetin in rats intoxicated with 

thioacetamide promoted significant reduction in 
serum levels of AST and ALT, with successful 

avoidance of morphological alterations. The 

results obtained suggest that quercetin has a 
protective effect in rats with thioacetamide-

induced lesions. The duration of treatment and the 

administration route may interfere with the 

hepatoprotective effect of quercetin. Miltersteiner
3
 

, Bona et al.
9
 and David et al.

23
 found positive 

results with intraperitoneal administration of 

quercetin. Behling et al. 
6
 and Bona et al.

9
 used 

periods of 28 days and six weeks respectively. It is 

likely that treatment duration impacts the effect of 

quercetin, and that periods longer than seven days 
may be be more effective to produce observable 

results. 

 

CONCLUSION  
 

The present study provides invaluable insights into 

the therapeutic efficacy of quercetin in 
paracetamol-induced toxic liver damage and 

structural damage caused by PH. 

We found evidence of quercetin’s hepatoprotective 
activity in acute paracetamol toxicity, as shown by 

a reduction in necrosis and inflammation and, 

most of all, serum levels of ALT. Analysis of 
quercetin biodistribution revealed that paracetamol 

led to a significant reduction in quercetin 

concentration in the organs/tissues studied as well 

as in serum, suggesting a relationship between 
antioxidant activity and hepatoprotective action. 

Treatment with quercetin in PH revealed a mild 

protective activity, with absence of cellular 
proliferative action. It seems that different doses of 

quercetin, as well as different administration 

routes, even during longer treatment periods, 
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might enhance this effect. 

The reduction in serum AST and ALT levels and 
the present histologic findings suggest that 

treatment with quercetin is useful as a preoperative 

pharmacologic measure and for prevention of liver 

damage caused by drugs, a topic that might be 
addressed by future studies. 

 

REFERENCES 
 
1 - Liu A, Dirsch O, Fang H, Dong W, Jin H, Huang H, 

Sun J, Dahmen U. HMGB1 translocation and 

expression is caused by warm ischemia reperfusion 

injury, but not by partial hepatectomy in rats. Exp 

Mol Pathol .2011; 91: 502–508. 
2 - Lima LRP, Oliveira TT, Nagem TJ. Efeitos do 

flavonóide quercetina e dos corantes bixina e 

norbixina sobre parâmetros sanguíneos de coelhos. 

Rev Nutr Camp . 2003; 16(3):305-14. 

3 - Miltersteiner A, Miltersteiner D, Pereira-Filho N, 

Frota AR, Ely PB, Zettler CG, Marroni CA, Marroni 

NP. Uso de quercetina a longo prazo em ratos 

cirróticos. Acta Cir Bra . 2003; 18(3): 232-7. 

4 - Vidhya A, Indira M. Protective effect of Quercetin 

in the Regression of Ethanol-Induced 

Hepatotoxicity. Indian J Pharm Sci . 2009; 71(5): 

527–32. 
5 - Chen X. Protective effects of quercetin on liver 

injury induced by ethanol. Pharmacogn Mag , 2010; 

6(22):135-41. 

6 - Behling EB, Sendão MC, Francescato HDC, 

Antunes LMG, Bianch MLP. Flavonóide 

quercetina: aspectos gerais e ações biológicas. Alim 

Nutr Araraquara .2004; 15(3):285-92. 

7 - Sorata Y, Takahama U, Kimura M. Protective effect 

of quercetin and rutin on the photosensitized lysis of 

human erythrocytes in the presence of 

hematoporphyrin. Biochim Biophys Acta . 1984; 
799(3): 313-7. 

8 - Kahraman A, Erkasap N, Serteser M, Köken T. 

Protective effect of quercetin on renal 

ischemia/reperfusion injury in rats. J Nephrol . 

2003; 16(2): 219-24. 

9 - Bona, S, Filippin, L.I, DI Naso, F.C, David, C, 

Valiatti, B, Schaun, M.I, Xavier, R.M, Marroni, 

N.P. Effect of Antioxidant Treatment on 

Fibrogenesis in Rats with Carbon Tetrachloride-

Induced Cirrhosis. ISRN Gastroenterol .2012; 

2012:1-12. 
10 - Matos LC, Martins B. Hepatites tóxicas: revisão da 

literatura. An Med Interna, v.2, n.4, p.239-58, 2005. 

11 - Litovitz TL, Klein-Schwartz W, White S, Cobaugh 

DJ, Youniss J, Drab A, Berson BE. 1999 annual 

report of the American Association of Poison 

Control Centers Toxic Exposure Surveillance 

System. Am J Emerg Med . 2000; 5:517-74. 

12 - Higgins GM, Anderson RM. Experimental 

pathology of the liver: I. Restoration of the liver of 

the white rat following partial surgical removal. 

Arch Pathol . 1931; 12:186-202. 

12 - Oyagbemi AA, Odetola AA. Hepatoprotective 

effects of ethanolic extract of Cnidoscolus 

aconitifolius on paracetamol-induced hepatic 

damage in rats. Pak J Biol Sci .2010; 13(4):164-9. 
13 - Kawai Y, Saito S, NISHIKAWA T, Ishisaka 

A, Murota K, Terao J. Different profiles of 

quercetin metabolites in rat plasma: comparison of 

two administration methods. Biosci Biotechnol 

Biochem .2009; 3(3):517-23. 

14 - Mandal AK, DAS S, Basu MK, Chakrabarti RN, 

Das N. Hepatoprotective Activity of Liposomal 

Flavonoid against Arsenite-Induced Liver Fibrosis. 

J Pharmacol Exp Therap . 2007; 320(3): 994-1001. 

15 - Yan-Ling W, Dong-Ming P, Xue-Hua H, Ji-Xing 

N. Protective Effects of Salidroside against 

Acetaminophen-Induced Toxicityin Mice. Biol 
Pharm Bull .2008; 31(8): 1523-9. 

16 - Belardinelli MC, Pereira F, Baldo G, Vicente-

Tavares AM, Kieling CO, Da-Silveira TR, Meurer 

L, Soares-Duarte ME, Giugliani R, Matte U. Adult 

derived mononuclear bone marrow cells improve 

survival in a model of acetaminophen-induced acute 

liver failure in rats. Toxicol .2008; 247(1):1-5. 

17 - Acharya M, Lau-Cam CA. Comparison of the 

protective actions of N-acetylcysteine, hypotaurine 

and taurine against acetaminophen-induced 

hepatotoxicity in the rat. J Biomed l Sci . 2010; 
17(suppl.1):35. 

18 - Hernández-Ortega LD, Alcántar-Díaz BE, Ruiz-

Corro LA, Sandoval-Rodriguez A, Bueno-Topete 

M, Armendariz-Borunda J, Salazar-Montes AM. 

Quercetin improves hepatic fibrosis reducing 

hepatic stellate cells and regulating pro-

fibrogenic/anti-fibrogenic molecules balance. J 

Gastroenterol Hepatol .2012; 27(12): 1865-72. 

19 - Marcolin E, San-Miguel B, Vallejo D, Tieppo J, 

Marroni N, González-Gallego J, Tuñón MJ. 

Quercetin treatment ameliorates inflammation and 
fibrosis in mice with nonalcoholic steatohepatitis. J 

Nutr .2012; 142(10): 1821-8. 

20 - Kawada N, Seki S, Inoue M, Kuroki T. Effect of 

Antioxidants, Resveratrol, Quercetin, and N-

Acetylcysteine, on the Functions of Cultured Rat 

Hepatic Stellate Cells and Kupffer Cells. Hepatol . 

1998; 27(5): 1265-74. 

21 - Itinose AM, Sakuno ML, Bracht A. Metabolic 

effects of acetaminophen. Studies in the isolated 

perfused rat liver. Cell Biochem Func . 1989; 7,(4): 

263-73. 

22 - Yousef MI, Omar SAM, El-Guendi MI, 
Abdelmegid LA. Potential protective effects of 

quercetin and curcumin on paracetamol-induced 

histological changes, oxidative stress, impaired liver 

and kidney functions and haematotoxicity in rat. 

Food Chem Toxicol . 2010; 48(11): 3246-61. 

http://www.ncbi.nlm.nih.gov/pubmed/9581680
http://www.ncbi.nlm.nih.gov/pubmed/9581680


Barros, PP et al. 

 

 

 

Braz. Arch. Biol. Technol. v.60: e17160138, Jan/Dec 2017 

10 

23 - David C, Rodrigues G, Bona S, Meurer L, 

González-Gallego J, Tuñón MJ, Marroni NP. Role 

of Quercetin in Preventing Thioacetamide-Induced 

Liver Injury in Rats. Toxicol Pathol . 2011; 39(6): 

949-57. 

24 - El-Shafey MM, Abd-Allah GM, Mohamadin AM, 

Harisa GI, Mariee AD. Quercetin protects against 

acetaminophen-induced hepatorenal toxicity 

byreducing reactive oxygen and nitrogen species. 

Pathophysiol . 2015; 22: 49–55. 

25 - Bieger J, Cermak R, Blank R, De Boer VCJ, 
Hollman PCH, Kamphues J, Wolffram S. Tissue 

Distribution of Quercetin in Pigs after Long-Term 

Dietary. J Nutr . 2008; 138(8): 1417-1420. 

26 - De Bôer VCJ, Dihal AA, Woude HVD, Arts ICW, 

Wolffram S, Alink GM, Rietjens IMCM, Keijer J, 

Hollman PCH. Tissue Distribution of Quercetin in 

Rats and Pigs. J Nutr . 2005; 135(7): 1718-25. 

27 - Heubi J, Barbacci M, Zimmerman H. Therapeutic 

misadventures with acetaminophen: Hepatotoxicity 

after multiple doses in children. J Pediatr . 1998; 

132: 22-27. 
28 - Reid AB, Kurten RC, Mc-Cullough SS, Brock RW, 

Hinson JA. Mechanisms of acetaminophen-induced 

hepatotoxicity: role of oxidative stress and 

mitochondrial permeability transition in freshly 

isolated muse hepatocytes. J Pharmacol Exp Ther . 

2005; 312: 509-16. 

29 - James LP, Mayeux PR, Hinson JA. 

Acetaminophen-induced hepatotoxicity. Drug 

Metab Dispos . 2003; 31: 1499-506. 

30 - Callery M.P, Mangino MJ, Flye MW. Kupffer cell 

prostaglandin-E2 production is amplified during 
hepatic regeneration. Hepatology. 1991; 14(2): 368-

72. 

31 - Zimmerman HJ. Hepatotoxicity. The adverse 

effects of drugs and other chemicals on the liver. 

Philadelphia: Lippincott Williams & Wilkins, 1999, 

767p. 

32 - Henderson CJ, Wolf CR, Kitteringham N, Powell 

H, Otto D, Park BK. Increased resistance to 

acetaminophen hepatotoxicity in mice lacking 

glutathione S-transferase Pi. Proc Nat Acad Sci USA 

. 2000; 97: 12741-5. 

33 - DAHLIN DC, Miwa GT, Lu AY, Nelson SD. N-
acetyl-p-benzoquinone imine: a cytochrome P-450-

mediated oxidation product of acetaminophen. Proc 

Natl Acad Sci USA . 1984; 81: 1327–1331. 

34 - Moore M, Thor H, Moore G, Nelson S, Moldeus P, 

Orrenius S. The toxicity of acetaminophen and N-

acetyl-p-benzoquinone imine in isolated hepatocytes 

is associated with thiol depletion and increased 

cytosolic Ca2þ. J Biol Chem . 1985; 260: 13035–

13040. 

35 - Padma VV, Lalitha G, Shirony NP, Baskaran R. 

Effect of quercetin against lindane induced 
alterations in the serum and hepatic tissue lipids in 

wistar rats. Asian Pac J Trop Biomed . 2012; 2(11): 

910-915. 

36 - Graefe EU, Wittig J, Mueller S, Riethling 

AK, Uehleke B, Drewelow B, Pforte H, Jacobasch 

G, Derendorf H, Veit M. Pharmacokinetics and 

bioavailability of quercetin glycosides in humans. J 

Clin Pharmacol . 2001; 41(5): 492-9. 

37 - Iwao K, Tsukamoto I. Quercetin inhibited DNA 

synthesis and induced apoptosis associated with 

increase in c-fos mRNA level and the upregulation 

of p21WAF1CIP1 mRNA and protein expression 

during liver regeneration after partial hepatectomy. 
Biochim Biophys Acta . 1999; 1427: 112-120. 

38 - Arash K. Protective effect of quercetin against 

necrosis and apoptosis induced by experimental 

ischemia and reperfusion in rat liver. Afr J Pharm 

Pharmacol . 2010; 4(1):  22-26. 

39 - Liu S, Hou W, Yao P. Quercetin protects against 

ethanol-induced oxidative damage in rat primary 

hepatocytes. Toxicol in Vitro . 2010; 24(2): 516–

522. 

40 - Gonzales E, Julien B, Serriere-Lanneau V, Nicou 

A, Doignon I, Lagoudakis L, Garcin I, Azoulay D, 
Duclos-Vallee JC, Castaing D, Samuel D, 

Hernandez-Garcia A, Awad SS, Combettes L, 

Thevananther S, Tordjmann T. ATP release after 

partial hepatectomy regulates liver regeneration in 

the rat. J Hepatol . 2010; 52: 54–62. 

41 – Chávez E, Cuéllar A. ATP complexes with the 

ATPase inhibitor quercetin. Life Sci . 1980; 77(16): 

1477-1482. 

42 - Yoshida S, Yunoki T, Aoyagi K, Ohta J, Ishibashi 

N, Noake T, kakegawa T. Effect of Glutamine 

Supplement and Hepatectomy on DNA and Protein 
Synthesis in the Remnant Liver. J Surg Res . 1995; 

59: 475-481. 

43 - Van-De-Poll MC, Derikx JPM, Buurman WA, 

Peters WHM, Roelofs HMJ, Wigmore SJ, Dejong 

CHC. Liver Manipulation Causes Hepatocyte Injury 

and Precedes Systemic Inflammation in Patients 

Undergoing Liver Resection. World J Surg . 2007; 

31(10): 2033–2038. 

44 - Dantas JA, Ambiel CR, Cuman RKN, Baroni S, 

Bersani-Amado CA. Valores de referência de alguns 

parâmetros fisiológicos de ratos do Biotério Central 

da Universidade Estadual de Maringá, Estado do 
Paraná. Acta Sci Health Sci . 2006; 28(2): 165-70. 

 

Received: February  03, 2016; 

Accepted: July 14, 2016 

http://www.sciencedirect.com/science/journal/00243205

