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Abstract

Background: Quercetin has antioxidant and anti-inflammatory effects. Although there are previous animal experiments in-
vestigating Quercetin’s effect on ischemia reperfusion (IR) injury in the literature, studies involving effect of lower extremity
IR on remote organ are rare.

Materials and Methods: 18 male Wistar Albino rats were randomly divided into 3 groups, 6 in each group as; Control (C),
Ischemia-reperfusion (IR), IR-Quercetin, (IR-Q). Their weights were between 200-250 g. 30 minutes before the procedure20
mg/kgQuercetin was administered via intraperitoneal route. In the IR groups, infrarenal abdominal aorta was clamped by
an atraumatic microvascular clamp. After 120 minutes of ischemia and reperfusion was achieved for another 120 minutes.
When reperfusion period ended, tissue samples were taken from the lungs. Malondialdehyde (MDA) level, superoxide dis-
mutase (SOD) and catalase (CAT) enzyme activity and histopathological parameters were compared.

Results: We found the MDA level in the IR group higher than the control group (p<0.0001). Lower MDA level was found in
the IR-Q group compared tothe IR group (p=0.012). SOD and CAT enzyme activity in the IR group was notably lower in the
control group (p<0.0001, p<0.001, respectively). Higher SOD and CAT enzyme activities were found in the IR-Q group com-
pared to the IR group (p=0.012, p<0.001, respectively). Neutrophil infiltration/aggregation, alveolar wall thickness and total
lung injury score were notably higher in IR group than in C group (p=0.001, p=0.002, p<0.0001, respectively). In addition, a
statistically significant decrease was observed in the Quercetin treated group in neutrophil infiltration/aggregation, alveolar
wall thickness and total lung injury score compared to the IR group (p=0.023, p=0.022, p=0.002, respectively).
Conclusions: We determined that intraperitoneally administered Quercetin at a dose of 20 mg/kg30 minutes before ische-
mia in rats reduces lipid peroxidation, oxidative stress and reduces the damage caused by IR in lung histopathology.Study
findings suggest that Quercetin has a lung protective effect when administered before IR.
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Oz.

Amag: Quercetin antioksidan ve antiinflamatuar etkilere sahiptir. Literatiirde daha 6nce Quercetin'in iskemi reperfiizyon
hasari tzerindeki etkisini arastiran hayvan deneyleri olmasina ragmen, alt ekstremite iskemi-reperfiizyonun uzak organ
Uzerindeki etkisini igeren ¢alismalar nadirdir.

Materyal ve Metod: 18 adet erkek Wistar Albino sican, her grupta 6 adet olmak iizere rastgele olarak Kontrol (C), iskemi-
reperfiizyon (IR), IR-Quercetin, (IR-Q) 3 gruba ayrildi. Agirliklari 200-250 gr arasindaydi. islemden 30 dakika énce intraperi-
toneal olarak 20 mg/kg Quercetin verildi. IR ve (IR-Q) gruplarinda infrarenal abdominal aorta atravmatik mikrovaskuler
klemp ile klemplendi. 120 dakika iskemiyi takiben 120 dakika siireyle reperflizyon saglandi. Reperfiizyon siiresi sona erdi-
ginde akcigerlerden doku 6rnekleri alindi. Malondialdehit (MDA) diizeyi, stiperoksit dismutaz (SOD) ve katalaz (CAT) enzim
aktivitesi ve histopatolojik parametreler karsilastirildi.

Bulgular: IR grubunda MDA duizeyini kontrol grubuna gére daha yiiksek bulundu (p<0,0001). IR-Q grubunda IR grubuna gére
daha dusuk MDA duzeyi bulundu (p=0.012). IR grubundaki SOD ve CAT enzim aktivitesi kontrol grubunda belirgin sekilde
daha dislkti (sirasiyla p<0.0001, p<0.001). IR-Q grubunda IR grubuna gore daha ylksek SOD ve CAT enzim aktiviteleri bu-
lundu (sirasiyla p=0.012, p<0.001). Nétrofil infiltrasyonu/agregasyonu, alveolar duvar kalinligi ve toplam akciger hasari
skoru, IR grubunda C grubuna gore belirgin olarak daha yuksekti (sirasiyla p=0,001, p=0,002, p<0,0001). Ayrica, Quercetin
ile tedavi edilen grupta nétrofil infiltrasyonu/agregasyonu, alveolar duvar kalinhigi ve toplam akciger hasari skoru IR grubuna
gore istatistiksel olarak anlaml diistik bulundu (sirasiyla p=0.023, p=0.022, p=0.002).

Sonug: Siganlarda iskemiden 30 dakika 6nce 20 mg/kg intraperitoneal olarak uygulanan Quercetin'in lipid peroksidasyonunu,
oksidatif stresi azalttigini ve akciger histopatolojisinde IR'nin neden oldugu hasari azalttigini belirledik. Galisma bulgulariQu-
ercetin'in IR 6ncesi uygulandiginda akciger koruyucu etkisi oldugunu disiunduriyor.

Anahtar kelimeler: Quercetin, Reperflizyon Hasari, Akciger, Malondialdehit, Stiperoksit Dismutaz, Katalaz
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Introduction

Ischemia reperfusion (IR) damage to skeletal muscle is ine-
vitable in some clinical situations. Ischemia reperfusion in-
jury causes a serious number of morbidity and mortality
and its physiopathology has been investigated by many re-
searchers so far. Inadequate or no blood supply for muscle
tissue cause ischemia and when the blood supply is re-es-
tablished reperfusion may unexpectedly cause increased
ratio of mortality and morbidity due to extended inflamma-
tion and necrotic and apoptotic events caused by reactive
oxygen species (ROS) (1). IR injury may not be limited to lo-
cal muscle tissue and may spread to distant organs. Altho-
ugh thrombus or embolism is generally the main factor (2),
there may be many reasons such as free-flap reconstruc-
tion, various orthopedic surgery and trauma (3,4).

Toxic ROSplay a main role while tissue destruction and or-
gan dysfunction develop after ischemia-reperfusion injury.
Free radicals provide this effect by disrupting the structure
of molecules in the cell like DNA, protein, lipid, and car-
bonhydrate (5). During ischemic period, because of the dec-
reasing phosphates rich in energy [adenosine triphosphate
(ATP)], their degradation products’ concentration level of
tissue (hypoxanthine) elevates. However, hypoxanthine
produces superoxide anions in the presence of oxygen and
thus the peroxynitrite (OONO") and hydroxyl radical (-OH)
are produced(6). Inflammation and various enzymatic reac-
tions produce reactive oxygen species (ROS, from a variety
of enzymatic sources) that leads to organ dysfunction and
damage. This organ dysfunction and ischemia reperfusion
damage is not only limited to the ischemic area, but also
spread to distant organs. As following IR damage to the
extremitiesmorbidity and mortality are generally caused by
lung injury in the clinic, lungs are the main topic of this
study. The interval between the ischemia and lung injury
makes it even more interesting to find a cure to reduce this
distal organ injury as this interval gives us an opportunity at
the same time (7). Pulmonary edema develops due to inc-
reased vascular permeability following lung damage. Previ-
ous studies have shown that inflammatory mediators, ne-
utrophils and partially free oxygen radicals have a role in
remote organ damage caused by ischemia reperfusion (8).
Various pharmacological agents have been tried in treat-
ment to limit or prevent this damage to the remote organ
(9). However, as far as we can tell, no studies have exami-
ned the effects of this compound on the lungs following IR
damage to the muscles.

Antioxidants have scavenging and suppressing effect on
free radicals. In this way, they inhibit or deactivate the ef-
fect of oxidants in various ways (10,11). ROS formation is-
decreased by antioxidant treatment. Thus, this prevents IR-
induced tissue damage and organ dysfunction. Nowadays,
a rising interest has occured for natural antioxidants defen-
ding the human body against ROS and free radicals (12). Ne-
arly all plant materials including plant based food products
have these natural antioxidants havephenolic compounds
(13). Flavonoids are the main group of the antioxidants.
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They also include flavanols,flavanones and flavanonols
(14).

Antioxidant rich diets are also supported in the society
nowadays. By scavanging free radicals these diets help to
reduce the risk of many diseases including cancers, cardiac
diseases. Many leaves, fruits, vegetables and grains contain
Quercetin, which is the most putative flavanol (15). Flavo-
noids have an important role as an antidiabetic, antioxida-
tive, anti-inflammatory, and antitumor agent (16,17). Qu-
ercetin has proven effects in inhibiting damage of oxidation
to various tissues such as brain, pancreas, urinary bladder,
heart,kidney, liverand cavernosal tissues (18).Besides being
a strong antioxidant, Quercetin is a radical scavenger (19).

Our aim was to examine the preventive effect of Quercetin
on remote organ after IR in experimental muscle injury. For
this purpose biochemical [Malondialdehyde (MDA),Supe-
roxide Dismutase(SOD), Catalase (CAT)enzyme activity le-
vel] and histopathological parameters were analyzed.

Materials and Methods

Animals and Experimental Protocol

The procedures in the experiment were carried out accor-
ding to the permission of the Gazi University Institutional
Local Animal Care and Use Committee (Ethical number:
G.U.E.T-16-066). Wistar Albino rats (n= 18) between the
age of 10 and 12 weeks and weighingbetween 200-250 g
were used. The rats were housed in a temperature 20-21 °C
and maintained on a 12/12 reversed light cycle anduntil 2
hours before the anesthesia procedure all had access to
food freely.

Rats were anesthetized by intramuscular xylazine hydroch-
loride 10 mg/kg (Alfazyne, 2%; Ege Vet, Ltd., Izmir, Turkiye)
and ketamine (Ketalar; Parke-Davis; Pfizer, Inc., New York,
NY, USA) at 75 mg/kg. Midline laparotomy was done under
general anesthesia.

Rats were casually divided into three groups (n=6) as; Cont-
rol (C), Ischemia-reperfusion (IR), IR-Quercetin group.
Control group: AfterMidline laparotomy no additional sur-
gical intervention was performed. After 4 hours lung tissue
was collected and animals were sacrificed.

IR group:Infrarenal segment of the aorta was clamped with
a vascular clamp.Then, 2 hours later the clamp was remo-
ved and reperfusionwas allowed for 2 more hours. In the
end, lung tissue was collected and rats were sacrificed.

IR group with Quercetine: 20 mg.kg*Quercetine(Quercetin
Anhydrous, Sigma-Aldrich, Q4951-10G) was given intrape-
ritoneally for 30 min before the ischemia period.After-
Midline laparotomy infrarenal segment of the aorta was
clamped with a vascular clamp. Then, 2 hours later the
clamp was removed and reperfusion was allowed for 2
more hours. After collecting lung tissuesamplesat the end
of the reperfusion period, which lasted 2 hours, rats were
sacrificed.

Intracardiac blood samples (up to 10 ml) were obtained.
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Histopathological and biochemical parameters were analy-
zed after the reperfusion period (20).

Oxidative and antioxidant Parameters

Lung tissue was washed withdeionized, cold (4 °C) water to
discard blood contamination and then homogenized with
Heidolph Instruments homogenizer (GMBH & CO KGDiax
900 GermanyR) at 1000 U for about 3 min. Initial prepara-
tion of the tissues is required for measurements on cell con-
test. After 60 min. ofcentrifugation at 10,000 g the upper
clear layer was taken. After reduction of NBT to NBTH2me-
asurement ofabsorbance increase at 560 nm was the main
method used for SOD activity measurement (21). The amo-
unt of enzyme protein resulted in fifty per cent inhibition in
NBTH: reduction rate was defined asone unit of SOD acti-
vity and U/mg protein was used to express.

To measure MDA levels Van Ye et al method was used, thi-
obarbituric acid reactive substances (TBARS) assay (22).
MDA level, as MDA or similar substances react with TBA
and this reaction results in production of pink pigment with
an absorption maximum of 532 nm. Sampleis mixed with
20 % (w/v) trichloroacetic acidin room temperature and the
precipitate is then centrifuged at 3000 rpmfor 10 min. An
aliquot of the supernatant is then placed into an equal vo-
lume of 0.6% (w/v) TBA in a boiling water bath for 30 min.
Sample and blank absorbance were read at 532 nm (UV/VIS
-1601 Shimadzu Spectrophotometer, Japan) after coolin-
gand the results expressed as nmol/mg protein, based on a
standart graph where 1,1,3,3-tetramethoxypropane has
been used as the MDA standard. Lowry O method is used
to determine the samples’ protein levels and bovine serum
albumin was used as standard protein (23).

Measurement of absorbance decrease due to H202 con-
sumption at 240 nm by Aebi H method was used for CAT
activity (24).

Histopathological Analysis

10% neutral formalin solution was used to fix in after lung
tissue samples were removed. After that,samehistologist,
who was blinded to the study examined the lungs with light
microscopy. A 200-400 times magnified microscopywas
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used to evaluate a total of 10 randomhematoxylin and eo-
sine (H&E) stained sections. Light microscope was used to
examine stained slides. Lung injury degree was measured
by using infiltration of neutrophils and thicknes of alveolar
walls. A score was given to each parameter and 0 point for
any, 1 point for quite little, 2 points for middle, 3 points for
severe.Total lung injury score was calculated by adding the
two scores (25).

Statistical Analysis

Statistical analysis was performed with SPSS 20.0 statistical
software (SPSS, Chicago, IL, USA). p<0.05 was considered to
indicate a statistically significant difference. The data were
expressed as Mean * Standard Deviation (Mean * SD) and
histopathological paramaters median (25%-75%). Shapiro-
Wilk test was used to analyze each categorical variable.
Bonferroni Correction test, Kruskal-Wallis, Mann-Whitney
U testswere used to test histopathological and biochemical
parameters.

Results

Histopathological evaluation

Normal lung tissue morphology is shown by H&E staining in
Figure 1. Severe acute inflammatory processes,degenera-
tive cells, neutrophils, macrophages and hemorrhage were
detected in the IR group (Fig. 2). The IR-Q group showed
hemorrhage, inflammation, vascular congestion and
edema, too (Fig. 3). But the key point is the acute inflam-
matory process was mild. Quercetin significantly prevented
degenerative changes of the lung. Fig. 3 shows an improve-
ment of the inflamed lung tissue morphology in the quer-
cetin treated group (Group IR-Q). Histopathological chan-
ges in Group IR-Q were significantly less than IR group. In
group IR total lung injury score, neutrophil infiltration/agg-
regation and alveolar wall thickness were notably higher
compared to the group C (p=0.001, p=0.002, p<0.0001, res-
pectively). In addition, there was statistically significant
decrease in alveolar wall thickness, neutrophil infiltra-
tion/aggregation, and total lung injury score in the IR-Q
group (p=0.023, p=0.022, p=0.002, respectively) (Table 1).

Table 1. Histopathological datas of lung tissue [Median (25%-75%)]

Group C

Group I/R

Group IR-Q

P**
(n=6) (n=6) (n=6)

Neutrophil infiltration/ agg- 0 2.5 1 0.003
regation (0-1) (1-3)* (0-1)& ’
Alveolar wall 0 0.5
thickness (0-1) (1-3)* (0-1)& 0.001

1 4 1.5
Total score (0-1) (2.75-6)* (0-2.25)& <0.0001

C: Control, I/R: Ischemia/Reperfusion, IR-Q: Ischemia Reperfusion- Quercetin
p **Significance level with Kruskal Wallis test p <0.05
* p <0.05: compared to Group C

& p <0.05: Compared to Group I/R
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Figure 1. Control group: Normal appearance of lung tissue. (H&E: he ma-
toxylin and eosin X100) (A: Alveoli, TB: Terminal bronchiole, ias: interalveolar
septum, inf: inflammation, J { : (septum) thickening).

Figure 2. 1/R group: Light microscopic view of lung tissue; (H&E: hematoxylin
and eosin X100) Degenerative cells, severe acute inflammatory processes,
neutrophils, macrophages and hemorrhage were seen in the IR group. (A: Al-
veoli, da: ductus alveolaris, ias: interalveolar septum, inf: inflammation, |, :
(septum) thickening, { : pulmonary vessel thickening, conj: capillary conges-
tion).

' i SA
ol b &y i o m.ﬁ‘

Figure 3. IR-QUERCETIN group: Light microscopic view of lung tissue; (H&E:
hematoxylin and eosin X100) Acute inflammatory process was mild. Admi-
nistration of Quercetin in rats significantly prevented degenerative changes
in the lung. (A: Alveoli, tb: terminal bronchiole, da: ductus alveolaris, SA: sac-
cus alveolaris, ias: interalveolar septum, inf: inflammation, J \ : (septum)
thickening, conj: capillary congestion).

Effects of Quercetin on Lung Injury After Hind Limb Ischemia Reperfusion

Biochemical Evaluation

Lung tissue MDA levels and CAT ,SODenzyme activities in gro-
ups were shown infigure 4,5,6. Our findings showed that MDA
level in the IR group was significantly higher compared to the
control group (p<0.0001).MDA level in the IR-Q group was sig-
nificantly lower than the IR group (p=0.012) (Figure 4). Lower
SOD and CAT enzyme activity weredetected in IR group com-
pared to the control group (p<0.0001, p<0.001, respecti-
vely).When compared to IR group, SOD and CAT enzyme acti-
vities were fairly higher in the IR-Q group ( p<0.001, p=0.012,

respectively) (Figure 5,6).

Group /R0

_

Malondialdehyde (nmol/mg protein)
m @ = 2
2

=

Figure 4. Malondialdehyde level of lung tissue
C:Control, I/R:Ischemia/Reperfusion, IR-Q: Ischemia Reperfusion-

Quercetin
*p <0.05: compared to Group C, & p <0.05: Compared to Group I/R

Group /R

12

&
.
E I I
2
0

Group /R Group I/R-Q

A
=]

@

Superoxide Dismutase {U/mg protein]
=

Group C

Figure 5. Superoxide Dismutase enzyme activity of lung tissue
C:Control, I/R:Ischemia/Reperfusion, IR-Q: Ischemia Reperfusion-

Quercetin
*p <0.05: compared to Group C, & p <0.05: Compared to Group I/R

18000

16000
14000 &
6000 T
4000
2000
0

Group /R Group I/R-Q

Catalase (1U/mg protein)
@ 5 I+
g 8 B
8 8 8

Figure 6. Catalase enzyme activity of lung tissue
C:Control, I/R:Ischemia/Reperfusion, IR-Q: Ischemia Reperfusion-

Quercetin
* p <0.05: compared to Group C, & p <0.05: Compared to Group I/R
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Discussion

In the present study, as lung related problems caused by
extremity IR injury are the major causes of morbidity and
mortality in our clinical experience, we demonstrated that
Quercetin treatment prevents remote organ (lung) damage
caused by IR injury, helps to maintain lung tissue morphology
and attenuates IR induced lipid peroxidation. IR injury initia-
tes a sequence of events that results in cellular damage and
organ dysfunction (26). As a prominent component of the
multiple organ dysfunction syndrome acute lung injuryis the
main cause of the lethal events associated with IR injury(27).
Neutrophil activation has an important role in IR damage. By
inflammatory cytokine production and release of oxygen free
radicals endothelial cell damage occurs and causes major pat-
hological damage in lung injury (28). Generation of inflamma-
tory cytokines like IL-6 is prevented by Quercetin and reper-
fusion injury is decreased (29).

Free oxygen radicals occur during IR injury have an important
role in the tissue damage. So antioxidant agents are beneficial
for the physiopathological changes appear during IR. We in-
vestigated Quercetin as a protective agent for remote organ
injury after skeletal muscle IR injury.Free oxygen radicals ca-
use lipid peroxidationdue to peroxidation of polyunsaturated
fatty acids in the cell membrane (30). Formation of lipid pe-
roxides such as the MDA is caused by oxidation of polyunsa-
turated fatty acids. This also causes enzymatic or chemical de-
terioration by O2™ or OH (31). Lipid peroxidation triggered by
oxygen free radicals is one of the important causes of lung in-
jury (32). In our study, after muscle IRwe measured MDA le-
vels in the lung as lipid peroxidation marker and lung damage
was found to be associated with high MDA levels (33). In our
study, Quercetin as an inhibitor of lipid peroxidation signifi-
cantly decreases the MDA levels. Lipid peroxidation leads to
structural and functional damage to the cells and that results
in cellular injury (34). SOD and CAT are antioxidants produced
endogenously and take role in protecting the cell against ROS
by catalysing their conversion to less reactive species
(30,31,34). SOD converts superoxide radicals (O27) to hydro-
gen peroxide (H202) and oxygen (0z). SOD activity of lungtis-
suewas significantly reduced in the IR group compared with C
group and by treatment of Quercetin increased tissue SOD ac-
tivity was observed compared to IR group. CAT is primary
enzymatic defence against H202 generation. Statistically sig-
nificant difference in the CAT enzyme activity was found
between IR and C groups. Tissue CAT enzyme activity was no-
tably elevated in IR-Q group compared to IR group.

In the present study, in the IR group disruption of alveolar arc-
hitecture was indicated clearly by light microscopy. Also ne-
utrophil infiltration in histopathological sections in the IR
group was observed. However, Quercetin decreased this his-
tological damage in sections from the IR-Q group. It appears
that Quercetin can significantly attenuate leukocyte recruit-
ment in the lung tissues.

Flavonoids play an important role as an anti-inflammatory,
antitumor and antioxidative agent. Vegetables, seedsand fru-
its naturally have Quercetin as a flavonoid. It has a strong an-
tioxidant capacity and especially protective activity against

Effects of Quercetin on Lung Injury After Hind Limb Ischemia Reperfusion

free radical and oxidative tissue damage (35). Quercetin’s
protective effect against IR injury in several organs like ova-
rium, liver and heart was shown in earlier studies (18, 36).Re-
cently, Quercetin’s neuroprotective and antioxidant effect
has been demonstrated (37). Liu et al. have found that Quer-
cetin shows protective effect by decreasing MDA levels in
myocardial IR injury (36). We have found increased tissue
MDA levels in IR group compared to control group. But in the
quercetin treated group MDA levels were decreased. Lipid pe-
roxidation was attenuated notably in Quercetin treated
group.

SOD, CAT as antioxidant enzymes play important role in IR in-
jury. In previous studies it has been shown that Quercetin has
a protective effect against IR injury in heart, skeletal muscle,
renal tissueby increasing SOD and CAT activities (36,38). Our
findings for remote organ ischemia reperfusion injury treated
with Quercetin were similar with previous studies for IR injury
of primer organ. Lung tissue SOD and CAT activity treated
with Quercetin was increased compared to the IR group.
There are studies reported the protective effects of Quercetin
on lung inflammation, lung cancer, and lipopolysaccharide
(LPS)-induced oxidative stress in the lung(39).Huang et al.(40)
also found similar results with us on their experimental study.
Quercetin pretreatment reduced inflammation and oxidative
stress in rats with LPS-induced acute lung injury. But we still
don’t know the exact mechanism of quercetin on enzyme ac-
tivities.

Based on the present findings, pretreatment with Quercetin
can reduce lung injuries resulting from muscle IR. Inhibition
of neutrophil aggregation, as well as increase in antioxidant
enzymes in the injured lung, might be the underlying mecha-
nisms. Further research is required to confirm the clinical ef-
fectiveness of this compound.

Conclusion

We determined 20 mg.kg'Quercetin administered intraperi-
toneally 30 minutes before ischemia reduces oxidative stres,
lipid peroxidation and decreases the damage caused by IR in
rats’ lung histopathology. Quercetin applied before IR in rats
has a protective effect. We believe that when the findings of
our study are supported by other studies, the protective ef-
fects of Quercetin on IR damage will be demonstrated in de-
tail and the indications for use will expand.
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