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A B S T R A C T

BACKGROUND: Quercetin found in fruits and vegetables has an antioxidative effect. We aimed to investigate
the protective effects of quercetin according to different doses on hepatic and ischemia-reperfusion (I/R) injury.
METHODS: Fifty mature male Sprague-Dawley rats were randomly divided into five groups (n=10 for each).
All the animal groups underwent laparotomy. Group 1 rats served as a sham-operated group. Groups 2-5 un-
derwent 1 h hepatic ischemia and were followed by 2 h reperfusion. Group 3-5 animals received an additional
intraperitoneal dose of 25, 50 or 100mg/kg quercetin respectively before I/R operation. Blood samples were
collected for determining serum aspartate transaminase (AST), alanine transaminase (ALT) and mal-
ondialdehyde (MDA) levels. Also, liver tissue samples were taken for measuring of liver MDA concentration and
for histopathology assessment.
RESULTS: The highest levels of biochemical parameters were observed in group 2. In quercetin-treated groups,
serum AST, ALT, MDA levels, and tissue MDA concentration were decreased as inversely with increasing
quercetin dose. Microscopic evaluation revealed that most conspicuous histological improvement was observed
in 50mg/kg quercetin co-treated rats. 25 and 100mg/kg quercetin co-treatment could not protect completely
against hepatic I/R injury.
CONCLUSION: Quercetin can be effective in preventing of hepatic I/R injury when the correct dose was used.

1. Introduction

Ischemia is an insufficient supply of blood due to arterial occlusion
resulting from any cause. Cell death and organ failure are the most
commonly observed results of ischemia [1]. Interrupted blood flow and
decreased transport of oxygen amount activate the anaerobic metabo-
lism which leads to deposition of lactic acid and toxic metabolites in
tissues, thus creating cellular injury [2]. Reperfusion is the restoration
of blood flow in an organ or tissue following ischemia. For surviving of
ischemic tissues, reperfusion is needed, but it causes additional da-
mages called reperfusion injury [3]. The oxidative stress after ischemia
mainly occurs in the extracellular space of the liver and not inside the
hepatocytes. This leads to the activation of Kupffer cells, which cause a
vascular oxidative stress during the early (≤1 h) reperfusion phase.
Then, the complement fragments are activated and the production of
reactive oxygen species (ROS) is enhanced. Besides, the neutrophils
migrate into the liver, where they generate additional ROS, mainly
hydrogen peroxide. However, an actual neutrophil-mediated oxidative

stress occurs between 6 and 24 h after the beginning of reperfusion.
Neutrophil-derived ROS diffuse into the hepatocytes and attack mi-
tochondria. Ultimately, mitochondrial dysfunction occurs and hepato-
cytes go to the necrosis [4].

Quercetin is a flavonoid which is found in fruits and vegetables and
exerts a strong antioxidative effect through scavenging of free radicals
[5]. It was previously shown that quercetin has a protective effect on
ischemia and reperfusion (I/R) injury in various organs [5–7] including
liver. However, the dose of quercetin used in previous studies ranges
widely and the effective dose of quercetin remains unclear [8,9].

In this study, we aimed to investigate the protective effect of
quercetin on I/R induced hepatic injury and to compare the effective-
ness of different quercetin doses in rats.
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2. Material and methods

2.1. Animals

Our study protocol was approved by local animal ethics committee
of the university (Protocol No:28.12.2012/311) and was compatible
with the Guide for the Care and Use of Laboratory Animals prepared by
the National Academy of Sciences (Institute of Laboratory Animal
Resources, 1996). Fifty adult Spraque-Dawley male rats (weighing
250–300 g) were used in this study. Rats were housed in standard la-
boratory conditions (50% humidity, 25 ± 2 °C temperature and a 12-h
light/12-h dark cycle) and standard industrial food and tap water were
provided ad libitum. Rats were assigned randomly into five groups
(n=10 in each). Group 1 rats served as a sham-operated group. Group
2-5 were applied 1 h hepatic ischemia and followed by 2 h reperfusion.
Group 3-5 animals received additionally an intraperitoneal (i.p.) dose
of 25, 50 or 100mg/kg quercetin respectively 30min before I/R op-
eration. Quercetin doses were selected according to previous studies
[10,11]. All rats fasted for 8 h before they underwent laparotomy under
general anesthesia with 50mg/kg ketamine and 20mg/kg xylazine via
i.p. injection. All sections of this report adhere to the ARRIVE Guide-
lines for reporting animal research http://journals.plos.org/plosone/
article?id=10.1371/journal.pone.0106108 [12].

2.2. Biochemical analysis

Immediately after the ending of reperfusion time, blood samples
were collected into silicon tubes using cardiac puncture and then cen-
trifuged for separating sera which were subsequently stored at −20 °C
for measuring of serum aspartate transaminase (AST), alanine amino-
transferase (ALT) and malondialdehyde (MDA) levels. All the mea-
surements including tissue MDA concentration were performed by
using commercial assay kits.

2.3. Histopathological analysis

After collecting bloods of rats, tissue samples were taken from dif-
ferent parts of the liver and fixed in 10% formaldehyde, dehydrated in
graded ethanol, immersed into xylol and embedded in paraffin. Serial
sections of 4–5 μm thickness were cut by microtome, stained with the
hematoxylin-eosin (H&E) method and evaluated under a binocular light
microscope. Histopathological assessment was performed in a blind
manner by an experienced histologist with regards to the presence of
inflammatory cell infiltration, congestion in hepatic vessels, hemor-
rhage and degeneration of hepatocytes and scored between 1 and 5 for
extensity (%) of lesions as follows: 1: < 10%, 2:11-25%, 3:26-50%,
4:51-75%, and 5: > 75%. Finally, total scores were calculated for each
rat [13–15]. Microscopic images were obtained using a digital camera.

2.4. Statistical analysis

All statistical analyses were performed by using SPSS 20.0 software.
Shapiro-Wilk test was used to assess the distribution of values. Because
the variables did not fit to the normal distribution, non-parametric
comparisons were performed by Kruskal-Wallis test. Then each group
was compared pairwise with other groups using Tukey test. The sig-
nificance level was set at p < 0.05. The data were presented as median
(min-max) because they did not distribute normally.

3. Results

3.1. Biochemical results

The comparison of serum ALT, AST, MDA and tissue MDA levels of
the groups were shown in Table 1. Serum AST, ALT, and MDA levels
were significantly different between the groups (p < 0.05). Maximal

AST, ALT and MDA values were seen in Group 2. With increasing dose
of quercetin AST, ALT and MDA levels were decreased in an inversely
proportional manner. Tissue MDA levels were significantly different
between the groups (p < 0.05). Maximal tissue MDA value was ob-
served in Group 2. With increasing dose of quercetin tissue, MDA levels
showed an inversely proportional decrease.

3.2. Histopathological results

Liver histology of control (Group 1) was normal. In Group 2, it was
observed that hepatocyte nuclei lost their normal shape and staining
characteristics and became small, dense and irregular. Vacuolization
was remarkable in the cytoplasm of the hepatocytes. Sinusoids were
seen enlarged and hepatocyte cordons were disorganized (Fig. 1). In
Group 3, hepatocyte nuclei partially lost their normal shape and

Table 1
Comparison of serum ALT, AST, MDA and liver tissue MDA levels between the
rat groups. All the values showed as median (min-max).

Groups AST (U/L) ALT (U/L) MDA (U/L) Liver MDA
(nmol/g)

Control 393
(125-1206)

67
(35-835)

6.60
(4.99–9.90)

7.46
(4.59–9.66)

I/R 3918 a
(1525-12120)

3318 a, c
(1027-11823)

16.25 a
(14.81–18.45)

9.97 b, c
(8.2511.85)

I/R+25Q 1208
(252-2801)

1158
(100-2084)

15.87 a
(13.79–17.26)

5.63
(4.78–7.31)

I/R+50Q 1178
(328-1720)

433
(93-958)

13.20
(11.21–14.56)

2.89 a
(2.35–3.52)

I/R+100Q 1095
(164-4625)

342
(134-878)

12.74
(10.79–15.23)

3.01 a
(2.47–5.44)

Control: Sham operation.
I/R: One hour ischemia and 2 h reperfusion.
I/R+25Q: 25 mg/kg quercetin pretreatment + 1 h ischemia and 2 h re-
perfusion.
I/R+50Q: 50 mg/kg quercetin pretreatment + 1 h ischemia and 2 h re-
perfusion.
I/R+100Q: 100 mg/kg quercetin pretreatment + 1 h ischemia and 2 h re-
perfusion.
a: significantly different from control group (p < 0.05).
b: significantly different from I/R+50Q group (p < 0.05).
c: significantly different from I/R+100Q group (p < 0.05).

Fig. 1. Micrographs of only ischemia and reperfusion (I/R) injured liver sec-
tions of rats. Note that hepatocytes are disarranged and degenerated; their
nuclei are generally pycnotic, condensed and irregular in shape. Hepatocytes
have highly vacuolated cytoplasm. Oedematous fields are present between
hepatocytes and vessels and sinusoids are congested. Sections are stained with
H&E; scale bars are 100 μm in A, and 50 μm in B, C and D.
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staining characteristics and became relatively small, dense and irre-
gular. Similar to Group 2, vacuolization was remarkable in the cyto-
plasm of the hepatocytes. Sinusoids were seen enlarged and filled with
erythrocytes. Also, inflammatory cell accumulation was marked
(Fig. 2). In Group 4, both hepatocyte nuclei and cytoplasm maintained
their normal shapes and staining characteristics. Occasionally, sinu-
soidal congestion sites were seen (Fig. 3). Quercetin at 100mg/kg dose
showed adverse effects in the protection of liver (Fig. 4). In Group 5,
although normal histological features were observed in some areas,
most hepatocyte nuclei lost their normal shape and staining char-
acteristics and became small, dense and irregular. Inflammatory cell
accumulation and congestion in sinusoids were observed in several
areas (Fig. 4).

The histopathological scores were presented in Table 2. According
to the scoring results; I/R (p < 0.001), I/R+25Q (p < 0.001) and I/R
+100Q (p < 0.01) groups were showed significant differences when

compared to the control group. On the other hand, IR+50Q group was
not significantly different from the control group, but it was sig-
nificantly different when compared to the I/R group (p < 0.01).

4. Discussion

Since the blood loss is important for mortality and morbidity in
major hepatic surgery, it should be minimized by vascular isolation of
the liver. However, vascular isolation can also cause I/R injury and
increases the damage. Free oxygen-derived radicals have been sug-
gested as the major source of ischemic tissue injury. Cell and organelle
membranes, DNA and enzymes are mainly influenced. The importance
of free radicals oriented the researchers to investigate the metabolism
of free radicals in ischemic tissue [16]. Enzymatic and non-enzymatic
defense systems including superoxide dismutase, glutathione perox-
idase, and CAT decrease the detrimental effects of free radicals in the
organism under normal conditions. The organism is not affected ne-
gatively when occurrence and inhibition rates of free radicals are equal.

Fig. 2. Micrographs of liver sections of ischemia and reperfusion (I/R) injured
and 25mg/kg quercetin pretreated rats. There are fewer hepatocytes with de-
generation signs (A and B) compared with I/R group. However, congestion of
vessels is still present (C and D). Note that accumulation of inflammatory cells
around vessels (B). Sections are stained with H&E; scale bars are 100 μm in B,
and 50 μm in A, C and D.

Fig. 3. Micrographs of liver sections of ischemia and reperfusion (I/R) injured
and 50mg/kg quercetin pretreated rats. There are well preserved hepatocytes
and liver histology compared with other groups. Congestion of vessels is rare
(C). Sections are stained with H&E; scale bars are 100 μm in A, B and 50 μm in C
and D.

Fig. 4. Micrographs of liver sections of ischemia and reperfusion (I/R) injured
and 100mg/kg quercetin pretreated rats. There are normal (A) and de-
generated areas (B) together. Note that accumulation of inflammatory cells
around vessels (C). Hepatocytes in some areas show different staining patterns,
which point abnormal histology (D). Sections are stained with H&E; scale bars
are 100 μm in C, D and 50 μm in A and B.

Table 2
Comparison of semi-quantitative histopathological scores
between the rat groups. All the values showed as median
(min-max).

Groups Median (min-max)

Control 1.00 (1.00–2.00)
I/R 5.00 (4.00–5.00) a
I/R+25Q 4.00 (3.00–5.00) a
I/R+50Q 3.00 (2.00–4.00) b
I/R+100Q 3.50 (3.00–5.00) a

Control: Sham operation.
I/R: One hour ischemia and 2 h reperfusion.
I/R+25Q: 25 mg/kg quercetin pretreatment + 1 h
ischemia and 2 h reperfusion.
I/R+50Q: 50 mg/kg quercetin pretreatment + 1 h
ischemia and 2 h reperfusion.
I/R+100Q: 100 mg/kg quercetin pretreatment + 1 h
ischemia and 2 h reperfusion.
a: significantly different from control group; for I/R
group (p < 0.001), for I/R+25Q group (p < 0.001),
and for I/R+100Q group (p < 0.01).
b: significantly different from I/R group (p < 0.01).
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However, a harmful effect can arise if this balance breaks down [17].
Hepatic I/R consists of two phases. In the early phase, ischemia

gives harm to the organ in minutes. After reperfusion was initiated, its
damaging effect lasts till 6 h. The initial phase is characterized by
Kupffer cell-mediated oxidative stress during the first 2 h of reperfusion
and free radicals activate Kupffer cells [18]. During the second phase,
activated neutrophils adhere to endothelial cells and release free radi-
cals and proteases such as myeloperoxidase, elastase and collagenase.
Dawson et al. suggested that oxygen-derived free radicals stimulate the
neutrophil activation leading to hepatocyte death [19]. It was shown
that the prevention of leukocyte adhesion can block I/R injury [20].
Forming of free radicals in hepatic I/R models were reported in several
animal studies [4]. The most important factor of action mechanism of
free radicals is cellular membrane damage via lipid peroxidation. Also,
free radicals activate some inflammatory mediators, which cause to
tissue damage [21–23]. It was demonstrated that oxidative stress is
effective especially in the early stage of hepatic I/R and leads to ne-
crosis or apoptosis [24]. Antioxidants scavenge free radicals and save
oxidant-antioxidant balance in the liver. They are critical to restoring
the disrupted balance. Quercetin improves superoxide dismutase, cat-
alase, AST, and ALT levels [17]. Numerous hepatocyte protective
agents such as allopurinol, roscovitine, α-tocopherol, mannitol, dopa-
mine, prostaglandins, activated carbon, glucagon, melatonin, carnitine,
chlorpromazine, aprotinin, methylprednisolone, desferrioxamine, cy-
closporine, catalase, aspartic acid, ubiquinone, platelet activating factor
antagonists, ATP, verapamil, nifedipine and superoxide dismutase were
previously described in experimental I/R models [25–28]. Hepatic I/R
injury has a complex mechanism for which oxygen-derived free radicals
are mainly responsible [29].

Surgical operations for liver should be performed very carefully in
order to provide minimum damage and functional loss because the liver
is a vital organ. In our study, we investigated the hepatic responses to I/
R injury and the effects of different quercetin doses and detected that
quercetin in a dose of 50mg/kg was effective in preventing hepatic I/R
injury.

Various markers have been used to evaluate the hepatic functions
following the I/R injury. Most commonly used markers are ALT and
AST activity. It is known that the activity of these enzymes increases in
various hepatic damages. In hepatic I/R injury, serum ALT and AST
levels, tissue myeloperoxidase activity and MDA levels increase while
glutathione levels decrease [24]. Several studies demonstrated that re-
oxygenation enhances the production of detrimental oxygen radicals
and therefore destroys the innate antioxidant mechanisms and increases
the oxidative load in the whole body, especially in the reperfused or-
gans. Previous studies reported that ALT and AST levels increased fol-
lowing the hepatic I/R [30–32]. Yabe et al. reported that the increased
ALT and AST levels may result from free radical-induced tissue damage
following the hepatic I/R [33]. It was reported that serum ALT and AST
levels significantly increased in rats following hepatic I/R and 50mg/
kg oral quercetin pretreatment decreased AST and ALT levels sig-
nificantly, indicating the hepatoprotective effect of quercetin [6]. In
other studies, pretreatment with quercetin of 100mg/kg 24 h before
hepatic I/R [13] and 20mg/kg [9] improves AST and ALT levels in rats.
Additionally, it was suggested that treatment with 500mg/kg quercetin
improves methotrexate-induced AST and ALT levels [8]. In the present
study, different quercetin doses caused a significant decrease in AST
and ALT levels compared with I/R alone group and our results were
similar to above-mentioned studies.

In the present study, we also measured both serum and tissue MDA
levels which is an indicator of oxidative stress. Pretreatment of 20 [9],
40 [34] and 50mg/kg [6] quercetin before hepatic I/R significantly
lowers MDA levels in rats. In our study, pretreatment with 50 or
100mg/kg quercetin was effective in decreasing serum and tissue MDA
levels while 25mg/kg quercetin was ineffective. Decreased MDA levels
in our quercetin pretreated groups support the other studies regarding
the antioxidant properties of quercetin.

I/R causes serious histopathological alterations in the liver. Several
studies reported sinusoidal congestion and enlargement, cytoplasmic
vacuolization, hepatocellular necrosis, neutrophil infiltration and he-
morrhage in rats which underwent hepatic I/R [30–32]. Pretreatment
of rats with quercetin in 20 [9], 50 [6] and 100mg/kg [13] doses in
hepatic I/R prevents the histopathological alterations in various de-
grees. In the study of Knudsen et al. who used a stereological method
following hepatic I/R, found a close relationship between hepatocel-
lular necrosis and ALT levels [35]. Our study results were generally
similar to the above-mentioned studies. Although only a partial, but
statistically insignificant histological improvement was observed in rats
pretreated with 25 and 100mg/kg doses of quercetin, 50 mg/kg dose
provided a sufficient and significant protection for liver histology in our
study. Therefore, we concluded that high-dose quercetin may be toxic
to the liver. However, this result should be confirmed with further
studies by which more reliable therapeutic dose of quercetin against
hepatic I/R injury can be determined.

Flavonoids have anti-inflammatory effects including the inhibition
of xanthine oxidase, phospholipase-A2, cyclooxygenase and lipox-
ygenase and reduction of leucocyte adhesion. Quercetin which is sug-
gested as a potent flavonoid has positive effects on I/R injury [21,22]. It
prevents the I/R injury by scavenging OH• radicals [36,37] and its
precursor O2¯ radicals [38] and terminating the lipid peroxidation chain
reaction via breaking lipid peroxyl radical and chelating Fe and Cu by
Fenton's reaction [2,37]. Several studies showed that flavonoids de-
crease MDA levels [2,21,22,39,40]. In our study, serum MDA levels
decreased inversely proportional with ascending quercetin dose. How-
ever, 25mg/kg quercetin was ineffective in decreasing serum and tissue
MDA levels, which indicates the importance of quercetin dose. In an-
other study, 10, 50 and 250 μM quercetin was tested in human hepa-
tocyte cultures, which showed that the daily dose was not very effec-
tive, but additional doses had significant effects on gene expression of
hepatocytes. This points to the importance of quercetin dose [41]. We
found similar results with respect to tissue MDA levels. Tokyol et al.
reported that single or combined quercetin and desferrioxamine treat-
ment decreased lipid destruction and improved histopathology results
in a rat hepatic/IR model [15]. Besides, the daily administration of 10
and 20mg/kg quercetin for one week prior to sodium fluoride in-
toxication provided protection in the rat liver [42].

Altogether, it is apparent that quercetin has antioxidant, anti-in-
flammatory, anti-apoptotic and hepatoprotective effects. Its major ef-
fect seems to be the strong antioxidant effect which was demonstrated
with different doses. Quercetin exerts its beneficial effect through oxi-
dative stress, inflammation and cell death mechanisms in hepatic dis-
orders. It is very difficult to determine the most effective hepatopro-
tective dose of quercetin because there are not sufficient clinical studies
on humans [5].

Nevertheless, the current study had some limitations, which should
be mentioned. We performed only a one-time-point experiment in this
study. It could be better to try different time points after hepatic I/R.
Moreover, other serum parameters such as total oxidant state (TOS),
total antioxidant capacity (TAC) and oxidative stress index (OSI) might
be measured.

In conclusion, in the present study, we showed that 50mg/kg
quercetin had protective effects in rat hepatic I/R injury. However,
quercetin at 25mg/kg dose was insufficient to protect the liver, while
quercetin at 100mg/kg dose showed adverse effects in the protection of
liver. Based on our results, we suggest that pretreatment of quercetin in
a reliable dose may be effective to prevent the hepatic I/R injury during
the hepatic vascular surgery or liver transplantation operations in
clinical practice. We believe that further studies are needed to de-
termine the proper quercetin dose for the prevention or treatment of
hepatic I/R injuries.
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