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 Background: Sepsis is a severe medical condition. Approximately 0.75 million people are diagnosed with sepsis in the USA 
annually. Several of anti-inflammatory drugs are used to manage sepsis, but with a very low success rate. 
This study examined the possible protective effects of a naturally occurring flavanone, quercetin, in a rat model 
of sepsis.

 Material/Methods: The study was carried out using Wistar albino rats. Sepsis was induced by cecal ligation and puncture methods. 
Histological analysis was performed by hematoxylin and eosin (HE) staining. Reactive oxygen species (ROS) 
levels were determined by flow cytometery. Superoxide dismutase (SOD), catalase (CAT), and ascorbate per-
oxidase (APX) activities were determined by standard assays. Protein expression was determined by Western 
blot analysis.

 Results: The results showed that quercetin reduced the tissue edema, congestion, and hemorrhage, increased the al-
veolar volume, and helped to maintain the lung anatomy of septic rats. Admistration of quercetin at the dos-
age of 15 and 20 mg/kg to septic rats caused significant reduction in the ROS levels. The activities and the ex-
pression of SOD, CAT, and APX were significantly decreased upon administration of quercetin in the septic rats 
at the dosage of 15 and 20 mg/kg. The effects of quercetin were also examined on the expression of the High 
mobility group box 1 (HMGB1) protein in septic rats. The results showed that quercetin caused a significant 
decrease in HMGB1 protein levels.

 Conclusions: The findings of this study suggest that quercetin has therapeutic potential in the treatment of sepsis.

 MeSH Keywords: Reactive Oxygen Species • Sepsis • Superoxide Dismutase

 Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/916044

Authors’ Contribution: 
Study Design A

 Data Collection B
 Statistical Analysis C
Data Interpretation D

 Manuscript Preparation E
 Literature Search F
Funds Collection G

Department of Critical Care Medicine, Shengli Oilfield Central Hospital, Dongying, 
Shandong, P.R. China

e-ISSN 1643-3750
© Med Sci Monit, 2019; 25: 5795-5800 

DOI: 10.12659/MSM.916044

5795
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

ANIMAL STUDY

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Background

Sepsis is a severe medical condition that is the result of in-
tense systemic inflammatory response to an infection, loss of 
blood, trauma, or neoplasm [1]. Owing to its clinical presen-
tations, it is often challenging to manage [2]. Sepsis may re-
sult in multi-organ dysfunction, shock, and death. In critically 
ill patients, sepsis is a leading cause of death in the USA [3], 
where approximately 0.75 million people are annually diag-
nosed with sepsis, and of these, about 0.21 million die [4]. 
Several anti-inflammatory drugs are used to manage sepsis, 
but with a very low success rate. It is believed that defining 
the molecular mechanisms underlying this disease may en-
able more effective treatment [5]. Over the years, after facing 
the prolonged impact of industrialization, utilizing extracted 
edibles and consuming highly active/chemically synthesized/
highly specific drugs, there is a growing focus on simplicity 
and people started opting for natural or close to natural foods 
and drugs. Moreover, many studies have shown the pharma-
cological correlation with ayurvedic/alternative medicines. It is 
important to note that chemically synthesized drugs are gen-
erally improved derivatives of prototypes of herbal isolated 
drugs [6]. Moreover, it has been observed that medicinal plants 
or extracts, used as co-adjuvant or as alternate therapy to al-
lopathic medicine, are effective and have few adverse effects, 
as well as being low cost and locally available [7]. Flavonoids 
are ubiquitous plant secondary metabolites found in plants. 
They have been shown to exhibit huge pharmacological po-
tential [8]. Due to the structural features of flavonoids, they 
have shown the potential to interact with different cell types 
and as such may prove beneficial in the treatment of human 
diseases [9]. In this study, the effects of a naturally occurring 
flavonoid, quercetin [10], were examined in a sepsis rat model. 
The results showed that quercetin may prove beneficial in the 
treatment of sepsis and warrants further investigation.

Material and Methods

Treatment groups

Twenty-eight 15-week-old Wistar albino rats were obtained 
from the Animal House of the Shengli Oilfield Central Hospital. 
The rats were maintained at standard laboratory conditions 
with a light/dark cycle of 12 h. Food and water were available 
ad libitum. The rats were randomly divided in 4 groups. Group I 
(control) consisted of normal rats administered normal saline. 
Group II consisted of rats in which sepsis was induced by cecal 
ligation and puncture methods, as described previously [11]. 
Group III and Group IV consisted of septic rats administered 
15 and 25 mg/kg of quercetin, respectively. The Animal Ethics 
Committee of Shengli Oilfield Central Hospital approved the 
study (approval number SOCH/IV/992, 2018). At the end of the 

study, the animals were sacrificed by ketamine/xylazine anes-
thesia. The lung tissues were extracted and stored at –80°C 
for further experimentation.

Determination of SOD, APX, and CAT activities

SOD, APX, and CAT activities were determined in the lung tis-
sues, as described previously [12–14]. The enzyme activities 
were then expressed as units/mg protein.

Hematoxylin and eosin (HE) staining

Lung tissue specimens were washed in ice-cold saline and then 
fixed in 10% formalin solution for 24 h. Following the embed-
ding of the tissues in paraffin, they were cut into 5-mm sec-
tions, followed by HE staining. Finally, the tissues were ana-
lyzed by a pathologist using a light microscope.

Estimation of reactive oxygen species (ROS)

Cells were collected from the lung tissues of the 4 rat groups 
and treated with dihydrofluorescein diacetate (10 μM) at 37°C 
in the dark for 35 min. Samples were then assessed using 
a flow cytometer to determine ROS levels.

Western blot analysis

The lung tissues were then lysed in lysis buffer containing the 
protease inhibitor. Around 45 µg of proteins from each sam-
ple were subjected to 10% separation, followed by transfer to 
a polyvinylidene difluoride (PVDF) membrane. Next, fat-free 
milk was used to block the membrane at room temperature 
for 1 h. Thereafter, the membranes were treated with primary 
antibodies (SOD, CAT, and APX, all obtained from Santa Cruz 
Biotechnology, Dallas, TX) at 4°C overnight. Subsequently, 
the membranes were incubated with secondary antibodies. 
Finally, the signal was detected using the Odyssey Infrared 
Imaging System. Actin was used as control for normalization.

Statistical analysis

All experimental procedures were performed in 3 biologi-
cal replicates. The values obtained are presented as mean of 
these 3 replicates ±SD. * P<0.05, ** P<0.01, and *** P<0.001 
were considered statistically significant. Results were assessed 
using the t test, and statistical analysis was performed using 
GraphPad prism 7 software.
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Figure 1.  Histological analysis of the lung tissues of different treatment groups by HE staining. Group I (control) consisted of normal 
rats administered normal saline and Group II consisted of septic rats. Group III and Group IV consisted of septic rats 
administered 15 and 25 mg/kg of quercetin, respectively. The experiments were performed in triplicate.

Results

Quercetin prevents septic lung injury

The effects of quercetin were examined on the lung injury in-
duced by sepsis, showing that septic rats had severely injured 
lungs. The lung tissues showed tissue edema, decreased alve-
olar volume, congestion, and hemorrhage. Treatment of the 
septic rats with 15 and 25 mg/kg of quercetin significantly pre-
vented or reversed the lethal effects of sepsis on lung histology 
(Figure 1). Quercetin administration also markedly decreased 
damage to lung parenchymal tissue (Figure 1).

Quercetin caused decreases ROS levels in lung tissues

As ROS has been implicated by in sepsis-induced lung injury, 
flow cytometery was used to examine the ROS levels in all the 
rat groups. The results showed that septic rats showed mark-
edly higher levels of ROS levels (Group II) in comparison to the 

normal rats (Group I) (Figure 2). However, administration of 
quercetin at 15 and 25 mg/kg resulted in significant decreases 
in the ROS levels in lung tissues of septic rats (Group III and IV) 
(Figure 2). Taken together, these results suggest that querce-
tin causes inhibition of the sepsis-induced oxidative stress.

Quercetin caused decrease in the ROS scavenging enzyme 
expression

The effects of quercetin were also examined on the expression 
of the ROS scavenging enzymes (SOD, CAT, and APX) by Western 
blot analysis. The results showed that administration of quercetin 
at the dosage of 15 and 5 mg/kg to septic rats caused a signifi-
cant increase in SOD, CAT, and APX expression levels (Figure 3).

Quercetin enhanced the SOD, APX, and CAT activity

Standard assays were used to assess the enzyme activities of 
SOD, APX, and CAT activity. The results showed the activity of 
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SOD, APX, and CAT were significantly decreased in the sep-
tic rats (Group II) as compared to the normal rats (Group I). 
Administration 15 and 25 mg/kg of quercetin to the septic rats 
(Group III and IV) caused a significant enhancement in the ac-
tivity of all 3 antioxidant enzymes (Figure 4A–4C).

Quercetin decreased high mobility group box 1 (HMGB1) 
protein expression

The expression of the HMGB1 was assessed in all treatment 
groups by Western blot analysis. The results showed that the 
expression of HMGB1 was significantly increased in the sep-
tic rats (Group II) in comparison to the normal rats (Group I). 

Moreover, administration of 15 mg/kg (Group III) and 25 mg/kg 
(group IV) of quercetin resulted in significant decreases in the 
expression of HMGB1 (Figure 5).

Discussion

Sepsis and septic shock are considered common causes of mor-
tality in intensive care units [15]. Sepsis can cause severe med-
ical conditions such as multi-organ dysfunction and death [16]. 
Sepsis is associated with lung injury, and ROS has been linked 
to sepsis-induced damage [17]. Owing to the many deaths 
due to sepsis, there is pressing need to develop treatment 
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Figure 2.  ROS levels in the lung tissues of different treatment groups as determined by flowcytometric analysis. Group I (control) 
consisted of normal rats administered normal saline and Group II consisted of septic rats. Group III and Group IV consisted 
of septic rats administered 15 and 25 mg/kg of quercetin, respectively. The experiments were performed in triplicate.
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strategies for management of sepsis [15]. Plants can be rich 
sources of secondery metabolites that could be screened and 
ultimately developed into efficient drugs for the treatment 
of sepsis [18]. One of the advantages of using plant-derived 
molecules as drugs is their less severe adverse effects [19]. 
In this study, a common plant flavonoid, quercetin, was eval-
uated in a rat model of sepsis for its protective effects. Since 
sepsis is often associated with lung injury, the effects of quer-
cetin were first examined on the lung histology of the differ-
ent rat groups. We found that sepsis disturbed the histology 
of the lungs, as evident from the lower alveolar volume and 
thickness. Nonetheless, quercetin treatment could restore 
the normal lung anatomy, suggesting the protective effects 
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Figure 3.  Western blot analysis showing the expression of SOD, CAT, and APX proteins in different treatment groups. Group I (control) 
consisted of normal rats administered normal saline and Group II consisted septic rats. Group III and Group IV consisted 
of septic rats administered 15 and 25 mg/kg of quercetin, respectively. The experiments were performed in triplicate 
and results are expressed as mean ±SD (*P<0.05 for Group I vs. II, ** P<0.01 for group II vs. Group III and *** P<0.001 for 
Group II vs. Group IV).
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Figure 4.  Enzyme activities of (A) SOD, (B) APX, and (C) CAT in different treatment groups. Group I (control) consisted of normal rats 
administered normal saline and Group II consisted of septic rats. Group III and Group IV consisted of septic rats administered 
15 and 25 mg/kg of quercetin, respectively. The experiments were performed in triplicate and results are expressed as mean 
±SD (* P<0.05 for Group II vs. Group III and ** P<0.01 for Group II vs. Group IV).

of quercetin against lung injury induced by sepsis. A previ-
ous study has also shown protective effects of quercetin in 
rat models of sepsis, wherein quercetin was found to reduce 
the inflammation associated with sepsis [20]. Moreover, stud-
ies have shown that the development of sepsis is concomitant 
with generation of ROS and development of oxidative stress. 
This oxidative stress damages the cellular membranes and 
other cellular macromolecules [21]. Quercetin is belived to be 
a strong antioxidant [22] and in the present study we found 
that quercetin caused substantial decreases in the ROS lev-
els as assessed by flow cytometry. Western blot analysis also 
showed a significant increase in the expression of antioxidant 
enzymes. The activities of the ROS scavenging enzymes were 
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also significantly increased. These results unequivocally indi-
cate that quercetin quenches the ROS and activates the enzy-
mic antioxidant system of the lung cells. Studies have shown 
that HMGB1 protein plays an important role in the develop-
ment of inflammation during sepsis [23]. In the present study, 
we also examined the effects of quercetin on the expression of 
HMGB1, showing that the expression of HMGB1 was increased 
in septic rats. However, quercetin administration caused sig-
nificant declines in HMGB1 expression, again indicating the 
protective effects of quercetin.

Conclusions

The findings of the present study suggest that quercetin ex-
erts protective effects in a sepsis rat model by quenching ROS, 
activation of the enzymic antioxidant system, and reduction 
of HMGB1 expression. Hence, quercetin may prove beneficial 
in the treatment of sepsis and warrants further evaluation.

I II III IV

Groups

HMGB1

Actin

I II III IV
Groups

*

**

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

Re
lat

ive
 ex

pr
es

sio
n

Figure 5.  Western blot analysis showing the expression of HMGB1 in lung tissues of different treatment groups. Group III and Group IV 
consisted of septic rats administered 15 and 25 mg/kg of quercetin, respectively. The experiments were performed in 
triplicate and results are expressed as mean ±SD (* P<0.05 for Group II vs. Group III and ** P<0.01 for Group II vs. Group IV).
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