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Sepsis is an acute condition caused by the systemic inflammatory response syndrome to an
infection. There are very few drugs that could improve the severe conditions in patients with
sepsis. Hence, it is important to consider different treatment options. In this survey, we studied
the effect of adenosine N1-oxide (ANO) and pioglitazone on rats with cecal ligation and
perforation (CLP). They were randomly divided to four groups (n = 10) including Group A: as
control group receiving normal saline, Group B: the rats with CLP as surgical control group,
Group C: the rats receiving ANO, and Group D: the rats receiving pioglitazone. Interleukin (IL) -
6, IL-1p3, tumor necrosis factor alpha (TNF-a), nitric-oxide (NO) in serum blood and superoxide
dismutase (SOD), catalase (CAT) malondialdehyde, (MDA) and myeloperoxidase (MPO) in liver
and spleen homogenates were measured. The amount of antioxidant enzymes in the spleen and
liver, and finally cell viability and rats’ survival were investigated. The measurement of blood
serum nitric-oxide and survival of all groups of rats were also performed. The results indicated
that both drugs could cause a decrease in IL-1f, IL-6, TNF-a and NO in rat blood serum and
MDA and MPO in the liver and spleen homogenates, however, a significant increase in SOD and
CAT in the liver and spleen homogenates in rats that received ANO and pioglitazone was
observed compared to rats with CLP group. Cell viability and rats’ survival were significantly
improved in rats that received ANO and pioglitazone compared to rats with CLP group.

Adenosine N1-oxide showed stronger and more effective effects.

© 2023 Urmia University. All rights reserved.

Introduction

Sepsis is an acute condition caused by the systemic
inflammatory response syndrome (SIRS) to an infection
that is exacerbated by organ dysfunction.! In the presence
of products of bacterial origin in the bloodstream and at
the beginning of the immune system’s response to
infection, the innate immune system produces and
releases several pro-inflammatory cytokines, such as
interleukin (IL)-1, tumor necrosis factor alpha (TNF-a),
interferon gamma (IFN-y) and IL-6. Sometimes various
factors such as a high burden of infection, super antigens
presence, bacterial resistance against opsonization and
phagocytosis, and antibiotic resistance do not allow the
host to prevent infection, resulting in increased synthesis
and release of secondary mediators and other pro-
inflammatory cytokines by mesenchymal cells and
macrophages as the immune system respond to infection
and produces more pro-inflammatory cytokines, leading

*Correspondence:
Yaser Jafari-Khataylou. DVM, PhD

to the absorption of inflammatory cells such as macro-
phages and neutrophils, and production of nitric oxide
(NO). Such a condition eventually causes a cytokine storm
that eventually leads to sepsis.23

In addition to the apparent production of cytokines,
several molecular inflammatory mechanisms and cellular
damage are involved in the pathogenesis of sepsis and
septic shock including the production of eicosanoids and
reactive oxygen species (ROS)# that are mainly produced
by phagocytes during phagocytosis and could lead to the
damage of the endothelial cell, formation of chemotactic
factors, utilization of neutrophils, DNA damage, the
liberation of IL-1B, and TNF-a, and the formation of
peroxynitrite.>6

Antioxidant enzymes such as superoxide dismutase
(SOD) and catalase (CAT) are proteins that are involved in
the catalytic modification of reactive oxygen species and
their by-products to stable non-toxic molecules. Hence,
they are the most important defense mechanism against
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cell damage caused by oxidative stress and it has been
found that antioxidant protection is decreased under
sepsis condition that increases the ROS production.”

Malondialdehyde (MDA) is a final product created
during oxidative stress that is formed especially during
lipid peroxidation® and a high level of MDA occurs in
people who have lost their lives due to sepsis compared to
the remaining patients.” During the activation of
neutrophils, superoxide (0-2) is formed by membrane-
associated oxidase nicotinamide adenine dinucleotide
phosphate (NADPH) complex and subsequently??
produces hydrogen peroxide, and these oxygen-reactive
species are used by myeloperoxidase (MPO) to produce a
strong oxidant of hypochlorous acid, thereby, increasing
the antimicrobial ability of neutrophils.l® However, hypo-
chlorous acid and other oxidants produced by MPO of
active neutrophils react with host tissue and can increase
the inflammatory response by causing cell damage.1112

Pioglitazone is a peroxisome proliferator-activated
receptor-gamma (PPARY) that is involved in the regulation
of inflammation caused by sepsis. The treatment with
PPARy activator reduces inflammation and improves
survival in laboratory animals.’?* On the other hand,
adenosine N1-oxide (ANO) is an oxidized product of
adenosine in position N1 from the basic part of adenine
and it has been reported that it inhibits the secretion of
inflammatory mediators by active macrophages, reduces
mortality from septic shock and suppresses the
production of pro-inflammatory cytokines due to
lipopolysaccharide.1*

Currently, sepsis treatment includes cardiac
resuscitation and infection immediate risk management.
Vasopressor medications, intravenous fluid therapy and
oxygen therapy are the main resuscitation options. The
only currently usable immunotherapeutic treatment is the
hydrocortisone short-term use in septic shock patients.
However, previous studies showed that high doses of
corticosteroids were harmful and devoid of beneficial
helpful effects and many of these treatments did not
improve survival rate in patients with septic shock.?11
Therefore, the present study was aimed to investigate the
effects of adenosine in preventing the harmful effects of
septic shock. The pioglitazone drug was chosen as the
approved drug with positive effects on septic shock to
compare the effects of the two drugs side by side.
Therefore, in this study, we investigated the effect of these
two drugs on serum blood inflammatory cytokines,
antioxidant enzymes in the spleen and liver, blood serum
nitric oxide, and survival of all groups of rats.

Materials and Methods
Animal. In the study, 40 Sprague-Dawley rats

weighing approximately 250 g were purchased from the
Faculty of Veterinary Medicine Laboratory Animal

Breeding Center, University of Tabriz, and randomly
divided them into four groups (n = 10), including Group
A: as control group receiving normal saline, Group B: The
rats with cecal ligation and perforation (CLP) as surgical
control group, Group C: The rats receiving the adenosine
N1-oxide, and Group D: The rats receiving pioglitazone.
Each group was kept in a separate cage and clean
environment with a constant temperature of 25.00 °C and
a 12 hr cycle of light and dark (L:D), and free access to
adequate water and food. All experiments were based on
the ARRIVE guidelines (https All://arriveguidelines.org),
approved by the University of Tabriz Animal Ethics
Committee (Approval ID: IR.TABRIZU.REC.1398.008),
and conducted in accordance with the relevant
guidelines and regulations.

Experimental sepsis and treatment. General
anesthesia was performed with intra-peritoneal injection
of 80.00 mg kg! ketamine (Alfasan, Woerden, The
Netherlands) and 10.00 mg kg xylazine (Alfasan) in rats.
Celiotomy was performed. For cecal ligation and
perforation the cecum was identified and exteriorized
from the peritoneal cavity. Then, a simple ligature was
placed below the ileocecal valve using 3-0 silk (Supa,
Tehran, Iran) suture material. The cecum was punctured
twice by an 18-G needle. Slight pressure was applied to the
perforated cecum to ensure leakage of its contents. The
cecum was returned into the peritoneal cavity and the
abdominal wall and skin were sutured.!> Finally, the
animals were returned to the cage and regained their
consciousness in a warm environment with suitable
conditions. After regaining consciousness, water and food
were fully provided for the animals. Pioglitazone (Sigma
Aldrich, St. Louis, USA). Composition of 1:1 dimethyl-
sulfoxide (DMSO; Merck, Darmstadt, Germany):Phosphate-
buffered saline (PBS; Merck) at dose of 20.00 mg kg1,13
and adenosine N1-oxide (Aobious, Shanghai, China) were
dissolved in 0.50% DMSO at dose of 18.00 mg kg! and
injected intraperitoneally four times a day to the treated
group for 3 days saline.’® Animals were closely checked for
general condition. The survived ones were weighed 3 days
after CLP and then approximately 1.50 mL of blood sample
was taken from their heart and finally, they were
euthanized under deep general anesthesia via cervical
dislocation. The livers and spleens of rats were removed 3
days later or until the animals’ death. The blood samples
were also taken from the rats immediately after death.

Cell viability assay. After 3 days, the animals were
euthanized and the peritoneal macrophages were
acquired by injecting and repeated flushing of ice-cold
sterile PBS, inside the peritoneal cavity. The spleens were
excised and lightly crushed. The suspension was
centrifuged at 2,500 rpm for 5 min. Red blood cells were
lysed using ammonium-chloride-potassium (Merck) buffer.
The cells were then washed and suspended in the RPMI-
1640 medium (Gibco, New York, USA) with 10.00% fetal
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bovine serum (FBS; Gibco). 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT; Merck) staining
was used for calculating the cell viability. The formazan
crystals formed in living cells were dissolved using DMSO,
then the absorbance was measured at 570 nm (model
MPR4 plus; Hiperion, Neuss, Germany).1# Cell viability was
calculated using the following equation:

Cell viability (%) = (OD test - OD control) /(0D control) x 100

Measurement of nitric oxide. Nitric oxide level was
estimated by reagent Greiss (Merck) using the protocol
originally described by Grace.”

Measurement of cytokines by enzyme-linked
immunosorbent assay (ELISA). We analyzed the serum
samples collected from rats to determine levels of pro-
inflammatory cytokines (IL-1f3, TNF-a, and IL-6) according
to Sandwich ELISA and kit manufacturer's instructions
(Bender Med Co., Vienna, Austria). The reaction stopped
by adding sulfuric acid 2.00N and absorbance was
measured at 450 nm (Hiperion).

Measurement of MPO. The MPO is a marker of
leukocyte migration and accumulation. Liver and spleen
tissue samples were homogenized in ice-cold potassium
phosphate buffer (50.00 mM, pH 6.00) containing 0.50%
hexadecyltrimethylammonium bromide (Merck). The
resulting homogenate was frozen and thawed three
times followed by centrifugation for 25 min at 3,000 g at
4.00 °C. The MPO activity was measured in the sample
using the O-dianisidine method. The absorbance was
measured at 460 nm. The enzyme activity data was
indicated in U mg! of protein.16

Measurement of lipid peroxidation. Liver and spleen
MDA levels was measured as a marker of lipid per-
oxidation.!8 In short, each supernatant (500 pL) was mixed
with a reaction mixture containing 0.67% thiobarbituric
acid (Merck), 0.22% sulfuric acid (Merck) and distilled
water. The mixture was placed in a boiling water bath at
95.00 °C for 30 min and cooled to room temperature. The
samples were then centrifuged at 1,000 g for 15 min and
the supernatant absorbance was measured at 540 nm
(Hiperion). Data were reported in nmol mg-! of protein.
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Antioxidant enzymes estimation. The SOD activity
was determined in homogenates of liver and spleen by
checking the enzymatic ability to inhibit nitroblue
tetrazolium dye (Merck) reduction through phenazine
methosulfate (Merck).1? An increase in absorbance was
recorded at 560 nm for 5 min. Enzyme activity data
were expressed as a U mglof protein. Catalase activity
was measured (Hiperion) by determining the rate of
H202 decomposition at 240 nm.2 The absorbance
decrease was checked for 180 sec and the enzyme
activity was defined as uM of H202 decomposed mg-! of
protein per sec.

Statistical analysis. Minitab software (version 16.2.0;
Minitab Inc., Boston, USA) was used for statistical analysis.
Data were evaluated by one-way analysis of variance
(ANOVA) and Tukey’s post hoc test. Chi-Square method
was used to analyze Survival. The results were presented
as percent (%) for survival rate and mean * standard error
of mean (SEM) for other data. p < 0.05 was considered as
statistical significance.

Results

Evaluation of cytokine and nitric oxide levels.
The blood serum samples indicated that cytokines IL-
1B, IL-6 and TNF-a levels were significantly decreased
in rats that received ANO compared to rats with CLP
(surgical control), (p < 0.05) and they were also
significantly decreased in rats receiving pioglitazone
compared to the affected group (p < 0.05, Fig. 1A).
Blood serum sample indicated that the amount of nitric
oxide in rats, which received ANO, was significantly
decreased compared to rats with CLP (surgical control)
(p < 0.05), and there was a significant reduction in rats
receiving pioglitazone compared to the affected group
(p <0.05, Fig. 1B).

Evaluation of oxidative stress and antioxidant
enzymes levels in the liver and spleen. The results
indicated that the levels of SOD, CAT in liver and spleen
were significantly increased in rats that received ANO
compared to rats with CLP (surgical control), (p < 0.05),

6.00 - .
5.00 -
4.00 |
3.00 4

2.00 A

NO level (um mg™* protein)

1.00 4 -

B 0.00 .

Control

Surgical control ANO Pioglitazone

Fig. 1. Cytokines and nitric oxide levels changes in serum of rats that received ANO and pioglitazone. * indicates significant differences in

the level of p < 0.05 between treated and non-treated groups.
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however, the increase was not significant for spleen
enzymes. There was a significant increase in rats receiving
pioglitazone compared to the affected group (p < 0.05,
Figs. 2A and 2B). However, the results indicated that levels
of MPO in the liver and spleen of rats that received ANO
were significantly decreased compared to rats with CLP
(surgical control), (p < 0.05). There was a significant
decrease in rats receiving pioglitazone compared to the
affected group (p < 0.05), however, in the MDA for the both
drugs, the reduction was significant only in the spleen
(p < 0.05, Figs. 2C and 2D).

Effect of ANO and pioglitazone on cell viability.
Statistical analysis of data did not show any cytotoxic effect
on cell viability (Table 1).
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Viability of rats. None of the rats of the control and
pioglitazone groups (0.00%) died during 3-days period.
In this study, 10.00% of the surgical control group died
one day after surgery and 50.00% died after two days,
so only 40.00% were survived after 3 days in the group.
The remaining rats were secluded and lethargic. Only
10.00% of the ANO group died on day 2 post-surgery
and 80.00% of them survived. The survivors were alert
and ambulatory. There was not any significant
difference between the control and pioglitazone and
ANO groups, however, there was a significant difference
between the pioglitazone group with the control
surgery group, and also a significant difference between
control surgery and ANO groups (p = 0.04), (Fig. 3).
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Fig. 2. Changes in enzymes levels of liver and spleen in rats receiving ANO and pioglitazone.
* indicates significant differences in the level of p < 0.05 between treated and non-treated groups.

Table 1. Cell viability test results after drug treatment with
adenosine N1 oxide and pioglitazone in peritoneal
macrophages and cultured splenocytes. Data are presented as
mean = SEM. The data were normalized (= 100%) to the
untreated cells.

Source Cell viability (%) _
Control drug (ex vivo)
Peritoneal macrophage
Control 82.00 £ 0.03 85.00 £ 0.00
Surgical control 148.00  0.04 93.00 £ 0.08
Adenosine N1 oxide 109.00 £ 0.00 99.00 £ 0.00
Pioglitazone 127.00 £ 0.03 106.00 £ 0.02
Splenocytes
Control 98.00 + 0.05 96.00 £ 0.00
Surgical control 198.00 £ 0.22 101.00 £ 0.03
Adenosine N1 oxide 113.00 £ 0.11 116.00 £ 0.32
Pioglitazone 153.00 + 0.00 161.00 = 0.00

1.00

0.75

Survival rate (%)
0.50

0.25

————— Piog ANO

Surgery Control

0.00

0 2 40 50 8
Time (hr)
Fig. 3. Rat viability chart that shows the rats viability of the

Surgery control, adenosine N1-Oxide, and pioglitazone groups
(0.00%) during 3-days period.
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Discussion

For the first time, the present study examined the
effect of pioglitazoneadenosine N1-oxide (ANO) on sepsis
caused by an experimental cecal puncture in rat. It is
worth noting that there were not any comprehensive work
on the effects of ANO on septic shock and inflammatory
diseases. Various reports have presented the roles of pro-
inflammatory cytokines in the pathogenesis of sepsis so
that the production and release of inflammatory
cytokines such as TNF-a and IL-1 to the systemic
circulation would occur due to the entry of bacterial
endotoxin?l22 and the two cytokines cause the secretion
and production of more pro-inflammatory cytokines
including IL-6, IL-8, and macrophage migration inhibitory
factor (MIF), lipid mediators, and reactive species of
oxygen and nitrogen, which ultimately lead to organ
dysfunction during sepsis by activating macrophages and
creating inflammatory cascades.23.24

Ohashi et al. reported that ANO inhibited inflammatory
mediators secreted by active macrophages and reduced
mortality from endotoxemic shock, and also suppressed
the production of pro-inflammatory cytokines including
IL-1, IL-6, and TNF-a, and their results were consistent
with the results of the present study.!* Consistent with the
results of the present study, Kohno et al. found that ANO
had an anti-inflammatory effect in vitro and in vivo, and
adenosine N1-oxide significantly decreased inflammatory
cytokines such as TNF-a and IL-6 and inhibited the
secretion of IL-6 by peritoneal macrophages stimulated by
toll like receptors (TLRs) agonists.1 Even though ANO and
adenosine are structurally similar, the capacity of ANO is
much stronger than adenosine to inhibit the production of
pro-inflammatory cytokines, and ANO has more
superiority than adenosine in anti-inflammatory functions,
however, ANO more effectively inhibits inflammatory
cytokines than adenosine under the same stimulatory
conditions. On the contrary to adenosine, the ANO anti-
inflammatory effect is not limited to a specific anti-
inflammatory cytokine or to a condition in which a
particular pathogen is involved. ANO significantly reduces
septic shock mortality,2> however, adenosine fails to
protect rats against endotoxin-induced mortality possibly
due to the rapid metabolism of adenosine in the body. In
confirmation of the results of the present study, it was
found that oral administration of ANO before and after
injection of lipopolysaccharide reduced mortality of rats. It
could be concluded that ANO through oral administration
could systematically exert its anti-inflammatory effects
and the resistance of ANO against adenosine deaminase
that may explain the strong anti-inflammatory activity of
ANO compared to adenosine and other drugs.2¢

About pioglitazone and its role as an activator of
PPARY, the data of previous studies indicated that endo-
genous ligands of PPARy had anti-inflammatory effects on

activation of nuclear factor of kappa binding (NF-kB).
Furthermore, PPAR-y inhibits the expression of anti-
inflammatory genes such as inducible nitric oxide
synthase (iNOS), TNF-a or IL-1B by inhibiting NF-xB
activity. In animal models of sepsis and many other
inflammatory diseases, treatment with ligands and
agonists of PPARy reduced the penetration of neutrophils
and many inflammatory mediators all of which indicated
the anti-inflammatory properties of the drug.?’ The
results of other study indicated that treatment with
pioglitazone reduced pro-inflammatory cytokines and
exerted its anti-inflammatory effects by reducing plasma
adiponectin levels.!3 Consistent with the results of the
present study, Gao et al. examined the protective effect of
pioglitazone on sepsis induced by CLP in the rodents
model and they found that CLP caused a significant
increase in expression of TNF-a and IL-6 in the intestines
of the rats, and the pioglitazone pretreatment reduced
local production of TNF-a and IL-6.28 Shafaroodi et al.
found that administration of pioglitazone positively
affected the improvement of survival in a model of rat
sepsis with CLP and rats with CLP-induced sepsis under
the treatment with pioglitazone showed a significant
reduction in serum levels of TNF-a, 12 and 24 hr after
induction of sepsis by CLP and also a significant
reduction in the concentration of serum IL-1f in
pioglitazone-treated groups. The results were consistent
with the findings of the present study.2”

Shafaroodi et al. found that injection of N-
Nitroarginine methyl ester (L-NAME) as a selective
inhibitor of iNOS improved survival in pioglitazone-
treated animal groups and reduced serum levels of pro-
inflammatory cytokines.2’” It is suggested that the
mechanism of increasing survival by pioglitazone is
possibly by inhibiting nitric oxide release through iNOS
and reducing the production of pro-inflammatory
cytokines. Furthermore, pioglitazone suppresses the
expression of iNOS, TNF-q, Gelatinase B, and induction of
cyclooxygenase-2 in active macrophages?® and reduces
the hyper-inflammatory response and inhibits the sepsis
development during sepsis activation by activating
PPAR-y.39 The role of oxidative stress has been widely
reported in the pathogenesis of this process and the
overproduction of reactive oxygen is highly toxic to the
host tissue, and their interactions with a variety of
biological macromolecules could lead to severe
pathophysiological consequences that eventually lead to
the organ dysfunction syndrome in sepsis.3! Consistent
with the results of the present study, Kumar et al. found
that plasma oxidant levels in sepsis patients were higher
than the control groups and various factors such as
higher activity of NADPH oxidase in response to
inflammation and increased activity of MPO in plasma
during sepsis compared to the control group could play
a role in increasing levels of oxidants in sepsis.32
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Furthermore, high activity of MPO in sepsis was due to
the penetration of neutrophils in the site of
inflammation under the influence of secretion of pro-
inflammatory cytokines. MPO is a marker of neutrophil
uptake to assess intestinal damage caused by CLP, and it
could cause significant damage to inflamed tissues
indirectly by absorbing neutrophils in the infected area
despite its important role in causing host defense
reactions.33 Gao et al. conducted a study consistent with
the results of the present study and found that
pretreatment with pioglitazone significantly increased
the level of MPO and reduced the intestinal infiltration
of neutrophils into sepsis.3* In another study, Haraguchi
et al. found that pioglitazone improved the survival of
rats after the onset of septic shock by suppressing
inflammatory responses, and oral administration of
pioglitazone for five days increased the survival rate in
CLP-operated rats.3> Kumar et al. found that the activity
of plasma SOD had a significant reduction in rats with
sepsis compared to the control group and their results
were consistent with the findings of the present study.
The reduction in SOD indicated that the organs were
not protected from oxidative damage of Oz during
sepsis.32 In this regard, CAT was another important
antioxidant enzyme that led to the destruction of H20z,
and thus protected tissues and cells from toxicity
mediated by H202, and a reduction process similar to
SOD was seen for CAT in patients with sepsis that was
similar to the results of the present study.

In confirmation of our data, Gao et al. indicated that
sepsis induced by CLP caused a significant increase in the
level of MDA, while the activity of SOD was greatly
decreased. Pioglitazone pretreatment regulated the SOD
activity and led to a decrease in the level of MDA.
Therefore, it is quite clear that PPARY agonists bear anti-
inflammatory and antioxidant effects.28

It could be concluded that both ANO and
pioglitazone were effective in treating sepsis, however,
ANO had stronger and more effective effects according
to the results of the present study. It is necessary to
prove this by examining the extensive effects of this
drug in terms of immunopathology in all vital organs
and comparing these effects with routine drugs used in
the treatment of sepsis.
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