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Abstract

BACKGROUND: Canine low-dose sepsis model provides a reliable setting to study innovative drugs. Li-
popolysaccharides (LPS), a major constituent of bacterial outer membrane, have been demonstrated to play a
critical role in the initiation of pathogenesis. Lipopolysaccharide-induced sepsis has been extensively studied
in laboratory animals; but its importance has mainly remained unknown in dogs.

OBJECTIVES: The aim of the present survey was to examine the effectiveness of quercetin, along with
hydrocortisone on clinical and hematological alterations, and organ failure (liver and heart) in low-dose lipo-
polysaccharide-induced canine sepsis model.

METHODS: For this purpose, fifteen clinically healthy mixed dogs were randomly divided into three equal
groups. Lipopolysaccharide (0.1 pg/kg, IV) was injected to dogs in group A (control). Group B was similar to
group A, but quercetin bolus (2 mg/kg, IV, once) was injected 40 minutes after LPS injection. Group C was
similar to group B; however, hydrocortisone bolus (2 mg/kg, IV, once) was administered instead of quercetin.
Serum levels of glucose, total protein, albumin, alanine aminotransferase (ALT), aspartate aminotransferase
(AST), alkaline phosphatase (ALP), creatine kinase isoenzyme muscle/brain (CK-MB), lactate dehydrogenase
(LDH) and cardiac troponin I (¢Tn-I) concentration were measured by commercial Kkits.

RESULTS: In control group, red blood cells (RBCs), hemoglobin (Hb), and hematocrit (HCT) significant-
ly decreased and serum activities of AST, ALP, LDH, CK-MB, and plasma cTn-I significantly increased
(P<0.05). RBCs, Hb, and HCT significantly increased in quercetin group, compared with hydrocortisone and
control groups (P<0.05). Quercetin group significantly decreased LDH, CK-MB, and cTn-I compared with
hydrocortisone and control groups (P<0.05). Quercetin significantly decreased AST in comparison to control
group and ALP in comparison to hydrocortisone group, also (P<0.05).

CONCLUSIONS: These results suggest that quercetin protects RBCs in the early stages of sepsis and de-
creases organs dysfunction (heart and liver), therefore it has a positive influence on sepsis and may be more
effective than routine corticosteroid (hydrocortisone) therapy.
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Introduction

Sepsis is the clinical manifestation of
systemic inflammatory response syndrome
(SIRS) secondary to an underlying pathogen-
ic organism. The clinical criteria that provide
the best sensitivity and specificity in diagno-
sis of SIRS in septic dogs include tempera-
ture lower than 38.1 °C or higher than 39.2
°C, heart beat higher than 120 beats/min,
respiratory rate higher than 20 breaths/min,
white blood cells lower than 6 x 103 /ul or
higher than 16 x 103/ul, and band cell high-
er than 3 percent (Balk, 2014). In the early
stages of sepsis, red blood cell rigidity will
occur because of the damage to the mem-
brane proteins, due to reactive oxygen spe-
cies (ROS), generated by inflammatory cells
and ischemic tissues (Goyette et al., 2004).
Decreased RBC deformability reduces blood
flow and increases the required time for cells
to transit the microcirculation. It also has a
negative effect on oxygen delivery and con-
tributes to organ dysfunction outside of he-
matologic system (Baskurt et al., 1998).

The dog is a commonly used animal mod-
el for pharmacokinetic and metabolic stud-
ies. Canine low-dose sepsis model provides
a reliable setting to test new drugs before ap-
plication in human or setting to study inno-
vative drugs for use in dogs (De Vries et al.,
2013). Considering that sepsis is an uncon-
trolled inflammatory response, it should be
expected that the most appropriate treatment
would be anti-inflammatory therapies such
as pharmacologic doses of corticosteroids
(Volbeda et al., 2015). Activation of multiple
stress signaling processes such as oxidative
stress and mitogen-activated protein kinases
play pivotal roles in the pathogenesis of sep-
tic dysfunction. Nowadays, novel antisepsis
strategies are being clinically assessed for
the more effective treatment of sepsis (Pe-

378

Alale Soltanian et al.

nalva et al., 2017).

Flavonoids, a group of naturally avail-
able small molecules, have been known as a
treatment of sepsis or acute systemic inflam-
mation (Liao and Lin, 2015). One of these
flavonoids is quercetin (Q) [3,3",4',5,7-pen-
tahydroxyflavone], which is found in green
and black tea, red wine, citrus fruit (i.e. ap-
ple), onions and some vegetables (Penalva et
al., 2017). Quercetin possesses a broad range
of pharmacological properties, that can act
as a potent antimicrobial, anti-inflammato-
ry, anti-oxidant, anti-allergic, anti-athero-
sclerotic, anti-diabetic, anti-proliferative,
anti-mutagenic and anti-carcinogenic agent
(Valentova et al., 2016; Afshari et al., 2018;
Yao et al., 2018).

Among numerous members of the flavo-
noid family, quercetin has been recognized
as the most powerful antioxidant. Querce-
tin protects RBCs against oxidative stress
and displays an important structural feature
responsible for free radical scavenging ac-
tivity. It also possesses immunomodulatory
activities against LPS-treated mouse perito-
neal macrophages in sepsis model (Liao and
Lin, 2015). Quercetin is an effective thera-
peutic strategy in the treatment of patients
with liver damage and fibrosis (Wan et al.,
2014). It has also been experimentally used
in the treatment of ischemia and myocarditis
(Javadi and Sahebkar, 2017). The discovery
of new natural products extracted from me-
dicinal plants or compounds derived from
them, such as quercetin, hesperidin, vitamin
C, horse chestnut extract and selenium can
represent a valuable source of new medicinal
agents for treatment of infectious diseases in
dogs (Virginia et al., 2017).

To date, only a few studies have investi-
gated bioavailability of flavonoids in dogs.
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To the best of our knowledge, there is no
research about the intravenous injection of
quercetin to a large animal model of sepsis,
and this research provides useful information
regarding the therapeutic potential in sepsis.
Moreover, studies comparing the efficacy of
quercetin and hydrocortisone are lacking in
canine sepsis, and clinical experience is lim-
ited. Therefore, the objective of the present
survey was to evaluate the effects of querce-
tin in a canine model of low-dose lipopoly-
saccharide-induced sepsis. In this paper, we
compared the therapeutics (anti-inflammato-
ry) effects of quercetin with hydrocortisone
in dog. Hematological changes, liver and
heart enzymes abnormalities, and clinical
signs were studied also.

Materials and Methods

Animals

Fifteen adult Mixed breed dogs were used
with the age of 12-24 months, both sexes
(eight female and seven male), and weight-
ing 17-22 kg. All dogs appeared healthy, as
determined by clinical examination, normal
hemogram and biochemical profiles. The
dogs were kept separately in a controlled en-
vironment at 22-25 °C. They were fed with a
home-made diet. All procedures which might
be associated with discomfort including ve-
nipuncture and administration of LPS were
performed by an experienced veterinarian.
This study was approved by the Animal Care
and Research Committee of Shahid Cham-
ran University of Ahvaz, Iran. The dogs were
vaccinated against DHPPiL and Rabies. An-
tiparasite tablets (Caniverm) were given and
Ivermectin was also administered to all ani-
mals. They were hospitalized and fasted for
12 h before the study. Water was available
ad libitum. Determination of the age was ac-
complished based on the dental formulary.

Iran J Vet Med., Vol 13, No 4 (Fall 2019)

Iranian Journal of Veterinary Medicine

Experimental protocol

To induce sepsis, all dogs received an IV
bolus of a low-dose LPS (0.1 pg/kg, from
Escherichia coli serotype 026: B6; Sigma,
St. Louis, MO, USA), dissolved in normal
saline solution (De Vries et al., 2013). Dogs
were categorized into three equal groups, by
simple random allocation as follows: Group
A (control group) included five dogs that
only LPS was injected, and no treatment was
performed. Group B was similar to group A;
but quercetin bolus (2 mg/kg, single dose,
IV; Sigma-Aldrich Co., St. Louis, MO,
USA), was injected 40 minutes (min) after
LPS injection. Quercetin dosage was select-
ed based on Reinboth et al.’s (2010) study.
Group C was similar to group B; however,
hydrocortisone bolus (2 mg/kg single dose,
IV) was administrated instead of quercetin.
Hydrocortisone dosage was in the pharma-
cologic range (Rochwerg et al., 2018). The
time of 40 minutes was selected based on a
pilot study. When vomiting, metoclopramide
(0.5 mg/kg single dose and IM) was admin-
istered to the affected dogs of three groups.
Rectal temperature (T), heart rate (HR), and
respiratory rate (RR) were measured in all
dogs. The conjunctiva of the eye and mouth
were also examined during challenge.

Collection of blood and serum samples

Blood samples were collected from the
cephalic or jugular vein. One ml of blood
was poured into potassium EDTA-treated
tubes (Becton Dickinson, Franklin Lakes,
NJ, USA), at baseline, 40, 60, 120, 180, 240,
300, and 360 minutes to evaluate complete
blood count (CBC) using an automatic im-
pedance cell counter (Mindray 2800-vet,
Montpellier, France). Moreover, five ml of
blood were collected at baseline, 1, 3, and 6
h and poured into the non-heparinized tubes.
Serum was obtained using centrifugation at
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2500 rpm for 10 min after keeping blood for
20 min at room temperature. Serum levels
of glucose, total protein, and albumin; ALT,
AST, ALP, CK-MB, and LDH were mea-
sured by commercial kits using an auto-ana-
lyzer (BT-TARGA-3000 model). Moreover,
the cTn-I concentration was measured by
commercial kits according to the manufac-
turer's instructions.

Statistical analysis

Statistical analysis was conducted using
SPSS for Windows (release 24, IBM Inc.,
USA). A P-value of 0.05 or less was taken
as a criterion for a statistically significant
difference. Statistical analysis was per-
formed using repeated measures ANOVA,
one-way ANOVA analysis of variance and
least significance difference (LSD) test. All
information was expressed as Mean+=SEM.

Results

Overall: All dogs completed the study
without mortality. Typical clinical signs of
sepsis including vomiting and lethargy were
meanly observed after 40 min of LPS (0.1
ng/kg, IV) injection. Therefore, the time of
forty min after injection, was selected as the
starting time of treatment. Rectal tempera-
ture, heart rate, and respiratory rate were
increased following LPS injection in con-
trol group (P<0.01 vs. baseline). Hydrocor-
tisone increased the temperature (360 min,
P<0.05 vs. control); but quercetin reduced
temperature (300 min, P<0.05 vs. control).
Quercetin also increased the heart rate
(180 min, P<0.05 vs. control). Hydrocorti-
sone had no significant effect on heart rate
(P>0.05 vs. control). Both treatment groups
had no significant effect on respiratory rate
(P>0.05 vs. control) (Table 1).

Hematologic parameters: Severe leuko-
penia (P<0.01 vs. baseline) was observed
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after 60 min of LPS injection, followed by
a rapid decrease until the experiment ended
at 360 min. The major leukocyte compo-
nent that decreased in the blood was gran-
ulocytes (particularly neutrophils); while
the proportion of monocytes remained rel-
atively constant. Lymphocytes increased
at 60 min (P<0.01 vs. baseline) and then
decreased rapidly. A significant decrease
in WBC and granulocyte was observed in
hydrocortisone group (P<0.01 vs. control).
Quercetin had no significant effect on WBC
and granulocytes (P>0.05 vs. control).

We noticed a significant increase of
RBC (P<0.001), Hb (P<0.001), and HCT
(P<0.05) in quercetin group, compared with
hydrocortisone group at 360 min. Hydro-
cortisone had no significant effect on these
parameters, compared with control group
(P>0.05) (Table 1).

Biochemical parameters: Changes for
total protein, albumin, glucose, and ALT
levels were not significant in any of the
groups. Serum activity of AST, ALP, CK-
MB, LDH, and cTn-I increased in control
group following LPS injection (P<0.05 vs.
baseline). In comparison between treat-
ment groups and their effects on hepatic en-
zymes, quercetin decreased ALP (P<0.05),
in comparison to hydrocortisone group at
360 min. Hydrocortisone had no signifi-
cant effect on AST and ALP, versus control
group (P>0.05).

Regarding cardiac enzymes, we observed
decreased levels of LDH (at 360 min,
P<0.01), CK-MB (at 180 min, P<0.001),
and c¢Tn-I (at 360 min, P<0.001) in quer-
cetin group, compared with hydrocortisone
group (Table 1). Hydrocortisone had no sig-
nificant effect on LDH, CK-MB, and cTn-I
versus control group (P>0.05).
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Table 1. Different parameters (Mean+SEM) in three groups of control (0.1 pg/kg, IV),
quercetin (2 mg/kg, IV) and hydrocortisone (2 mg/kg, IV) in the studied dogs.

Groups . .
Parameters Control Quercetin Hydrocortisone P-value
Temperature (°C) 39.5+£0.2° 39.1 £0.1° 39+0.1° p=0.031
Heart rate (beats/min) 113.4£3.1* 101.3+£2.2° 110.5 £0.5% p=0.005
Respiratory rate (breath/min) 209 = 1? 20.1£1.9° 21.4+£0.1° p=0.776
WBC (x 10°/ul) 11.2+0.4° 10.1£1.52 8.5+0.2° p=0.001
Granulocyte (x 10%/ul) 75.6 £1.32 72.1+£1.72 65.8+0.5° p=0.001
Lymphocyte (x 10°/ul) 25.1+£0.2° 234 +2.5° 219+ 1.4 p=0.414
Monocyte (x 10°/ul) 44+0.1° 43£0.1° 44+0.1° p=0.788
PLT (x 10%/pul) 232.4+12.9° 252.7 + 192 276.3 +26.1° p=0.336
RBC (x 10%/ul) 6.5+0.1° 7.4+0.2b 6.5+0.12 p=0.004
Hb (g/dl) 148 £0.1° 17.7+0.6° 15+0.2° p<0.001
HCT (%) 424+ 1° 549 +1.5° 46.9 +0.5° p<0.001
MCV (f1) 65.5+0.9° 74.6 + 1° 68.7+0.3% p<0.001
MCH (pg) 232+0.7* 23.9+0.28° 23.1+0.1° p=0.903
MCHC (g/dl) 35.7+1.2° 32.2+0.3° 343+0.01° p=0.013
Glucose (mg/dl) 71.7+5.32 77.5+4.5 77.2£3.4° p=0.628
Protein (g/dl) 7+0.2° 6.6 £0.32 6.9+0.1° p=0.521
Albumin (g/dl) 29+0.1° 26+0.1° 3.1+0.2° p=0.058
ALT (iu/l) 33.6£0.4° 333+ 1.6° 33.5+0.5° p=0.983
AST (iu/l) 32.7+£0.8° 28.7+1.5° 31.3+£0.8° p=0.048
ALP (iu/l) 1753 +3.3° 169.1 +3.2¢ 184.6 + 3.6° p=0.023
LDH (iu/l) 655.7 £ 47.6° 488.45 £ 10° 627.5+23.4° p=0.006
CK-MB (iu/l) 320+ 7.7¢ 171.2 +£2.5° 293.6 + 15.2¢ p<0.001
cTn-I (ng/ml) 5.5+£0.3° 2.23+0.1° 53+0.2¢ p<0.001
Lowercase letters show significant differences in each row.
Iran J Vet Med., Vol 13, No 4 (Fall 2019) 381



Quercetin in canine model of LPS-induced sepsis

Discussion

In the present study, we evaluated the an-
ti-inflammatory role of quercetin compared
with hydrocortisone in a low-dose canine
LPS-induced sepsis model. The first aim
of the research was to identify the effect of
quercetin treatment on erythrocytes. Levels
of RBC, Hb, and HCT were significantly
higher in quercetin group compared with
hydrocortisone and control groups. Eryth-
rocytes are more prone to oxidative damage
due to the presence of high levels of poly-
unsaturated fatty acids in their membranes
and high cellular concentrations of oxygen,
especially during sepsis. Alterations in the
properties of individual red blood cells have
the potential to diminish oxygen carrying
capacity, change the rheology of the micro-
circulation, and reduce blood flow in sepsis
(Goyette et al., 2004).

In numerous studies, protective proper-
ties of quercetin have been discussed for
RBC. This flavonoid was able to protect
RBC against oxidative damage (membrane
lipid peroxidation and hemolysis) caused by
a variety of oxidants (Kitagawa et al., 2004;
Asgary et al, 2005; Jamshidzadeh and
Mehrabadi, 2010; Das et al., 2013). Querce-
tin was also able to prevent membrane lipid
peroxidation and hemolysis of mouse RBC
induced by phenyl hydrazine, acrolein, di-
vicine and isouramil. Several studies have
shown that quercetin inhibits LPS induced
tumor necrosis factor a production in mac-
rophages and LPS-induced IL-8 produc-
tion in lung A549 cells. Quercetin inhibits
production of inflammation-producing en-
zymes (cyclooxygenase and lipoxygenase)
(Geraets et al., 2007). Antioxidant activity
of quercetin is based on its ability to directly
scavenge ROSs (such as hydroxyl radical,
superoxide anion, singlet oxygen, peroxyl
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radicals and others). It also prevents the for-
mation of ROS through chelating of transi-
tion metal 1ons, and promoting the antioxi-
dant defense system (Vasquez-Garzon et al.,
2009). Our results along with these studies
which have shown quercetin effectiveness
in protecting RBCs, suggests that quercetin
supplementation may improve oxygen-de-
livery to organs.

Lipopolysaccharide of gram-negative
bacteria has been recognized as a causative
agent in myocardial depression during sep-
sis. It has been shown that the inflammato-
ry responses induced by LPS in cardiomy-
ocytes are characterized by an increased
production of free radicals which leads to
the activation of transcription factors and
intracellular signaling pathways and to the
induction of inflammatory mediators. All
mediators may be involved in the depres-
sion of cardiac, liver and kidney function
(Ceylan-Isik et al., 2010). According to the
present study, quercetin significantly de-
creased ALP, LDH, CK-MB, and cTn-I in
comparison to hydrocortisone group, while
hydrocortisone had no significant effect on
these parameters as compared to control
group. Consistent with these results, studies
in animals and human suggest that quercetin
reduces the risk of cardiovascular diseases
and liver damage (Wan et al., 2014).

A recent study demonstrated that low to
moderate oral dose of quercetin for two
weeks increased plasma quercetin con-
centrations dose-dependently in healthy
individuals, confirming its bioavailability
(Egert et al., 2008). A mixture of grapefruit
flavones was orally administered to adult
beagle dogs. Interestingly, the measured
plasma concentrations in that study were in
the nanomolar range. The median maximum
plasma concentrations of the most abun-
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dant metabolite, naringenin, was only 238
nmol/l. Absolute bioavailability of querce-
tin is only 4% in dogs. As in other species
like human subjects, rats and pigs, the oral
bioavailability of quercetin, after the appli-
cation of the quercetin monoglucoside iso-
quercitrin is significantly higher compared
with the application of the aglycone (Rein-
both et al., 2010).

Quercetin has been found to have benefi-
cial effects on myocardial injury (Boots et
al., 2008). Cardioprotective eftects of quer-
cetin were evaluated in Isoproterenol-treat-
ed rats. Their result showed that pretreat-
ment with quercetin normalized increased
levels of serum troponins and increased in-
tensities of serum lactate dehydrogenase-1
and 2 isoenzyme bands in the studied rats
due to scavenging free radicals, improving
antioxidants and maintaining Ca2+ levels
(Punithavathi and Stanely Mainzen Prince,
2011). Quercetin has the capacity to protect
the myocardial tissue against global isch-
emia and reperfusion injury, due to its anti-
oxidant and cyto-protective effects (Ikizler
et al., 2007). In a rat model of adenine-in-
duced chronic kidney disease, treatment
with quercetin improved renal function, re-
duced oxidative stress factors, and kidney
inflammation (Yang et al., 2018).

Quercetin exerts inflammation and im-
mune modulating activity in several murine
models of autoimmunity. Animal experi-
ments also support an anti-inflammatory ef-
fect in vivo. Quercetin can also ameliorate
various toxin-induced liver injuries, such
as ethanol and acetaminophen (De David
et al., 2011). Zhang et al., (2014) studied
the therapeutic detoxification of quercetin
against carbon tetrachloride (CCl4) induced
acute liver injury. Quercetin decreased
CCl4-increased serum activities of alanine
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and aspartate aminotransferases when oral-
ly taken 30 min after CCl4 intoxication.
The results of a histological evaluation fur-
ther evidenced the ability of quercetin to
protect against CCl4-induced liver injury.
Wan et al., (2014) investigated the effects
of quercetin on hepatitis and hepatic fibro-
sis induced by immunological mechanism.
Treatment with quercetin significantly de-
creased the ALT and AST levels, and mark-
edly attenuated the pathologic changes in
the liver. Their results suggest that quercetin
may be an effective therapeutic strategy in
the treatment of patients with liver damage
and fibrosis.

A range of clinical conditions are asso-
ciated with a dysregulation of inflammatory
responses. Although the most common of
these is sepsis, high concentrations of cyto-
kines are also generated by ischemia-reper-
fusion, trauma, acute rejection, antigen-spe-
cific immune responses, and different acute
inflammatory states (Landry and Oliver,
2001). An ideal therapeutic agent for sepsis
should be able to preserve tissues from mul-
tiple insults; ultimately preserving organ
and system function and increasing survival
(Shapiro et al., 2009). In the present study,
though hydrocortisone (2 mg/kg) attenuat-
ed the temperature and WBC significantly
increased compared with control group, it
does not fulfill the above criteria. On the
other hand, quercetin showed significant
RBC protection properties, which leads to
oxygen-delivery improvement and reperfu-
sion. It also protected liver and heart from
ischemic damage caused by sepsis. Here in
this research, the effects of hydrocortisone
have been investigated in low-dose canine
sepsis model for the first time and we also
compared its effects with modern flavonoid
therapy, quercetin. Our results are along
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with studies in animals and human which
have shown relations between usage of quer-
cetin (as a flavonoid that can be consumed
in significant amounts in the daily diet) and
improvement in overall health; suggesting
the potential effectiveness of quercetin for
sepsis. In conclusion, the obtained data con-
firms that quercetin as a modern flavonoid
therapy may be more effective than routine
corticosteroid therapy in sepsis. It protects
RBCs in the early stages of sepsis and de-
creases organs dysfunction (heart and liver),
therefore quercetin has a positive influence
on sepsis. These results suggest that quer-
cetin might serve as a valuable protective
agent in inflammatory diseases. Further
studies are needed to better characterize the
mechanisms of action underlying the ben-
eficial effects of quercetin on immunity in
dogs.
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