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Obijectives: In this study, we investigated the possible useful effectiveness of Sinapic acid on rat kidney and lung tissues in an experimental cecal

Methods: CLP model was created for the rats in the CLP group. 20 mg/kg of Sinapic acid was given in the CLP-Sinapic acid group. At the end of
the experiment, lung and kidney tissues were collected and biochemical analyzes were evaluated.

Results: For the lung and kidney tissue samples; antioxidant levels decreased, and oxidant levels increased in the CLP group. When the
immunohistochemical parameters were evaluated, IL-1B, caspase-3, and TNF-a immunopositivity were severe levels in CLP group. But
immunopositivity of these parameters have been observed as attenuated in CLP-Sinapic acid group compared to CLP group.

Conclusion: The results of our study showed that Sinapic acid has useful effectiveness on the sepsis model caused by CLP in the lung and kidney

1. INTRODUCTION

Sepsis, a systemic inflammatory response to infection, is
a life-threatening health problem (1). Surgery or surgical
operations are accepted as one of the most common reasons
of sepsis (2). The cecal ligation and puncture (CLP) sepsis
model is considered to be the most striking experimental
procedure for sepsis-related studies because it is reasonable,
repeatable and applicable (3). CLP results in widespread
peritonitis leading to contamination of the abdominal area
and initiation of the systemic inflammatory response and
even sepsis (4). The pathophysiology of sepsis is important
for diagnosis, prognosis, and determination of appropriate
treatment. Sepsis causes many different physiopathological
processes. Basically, free oxygen radicals create damage
causing denaturation in cellular proteins, injury to DNA,
and peroxidation in membrane lipids (5, 6). Under normal
physiological conditions, small amounts of free oxygen
radicals have an important function in on cellular activity
protecting. However, when the concentrations of these free
radicals increased, this leads to fatal damage in the cell (7, 8).
Some studies have shown the positive results of antioxidant
agents which were applied to relieve the effects of free

oxygen radicals in experimental sepsis models (9, 10). The
incidence of sepsis-related organ failure is variable due to the
definition criteria of organ failure. Respiratory insufficiency is
accepted as one of the organ deficiencies at the early stage
of sepsis and also, acute renal failure is a common cause of
sepsis and worsening prognosis. In addition, coagulopathy,
liver, central nervous system and gastrointestinal system
pathologies are other situations that can be seen frequently
and increase mortality (11, 12).

Phenolic compounds in foods originate from one of the
main classes of secondary plant metabolites (13). They act
as an antioxidant and protect living plants, and nutrients
from oxidative rancidity at a low concentration (14). Sinapic
acid (SA) is a hydroxycinnamic acid-derived polyphenol with
3,5-dimethoxy and 4-hydroxyl replacements in the phenyl
group of cinnamic acid. SA can be completely acquired from
various vegetables, rye and fruits, and it has strong antioxidant,
anti-hyperglycemic and anti-inflammatory effects as in vitro
and in vivo studies (15-18). Hitherto, it has been proved that
SA has protective properties against oxidative damage in a
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large number of experimental animal studies by using different
models (17-19). It has not been found any experimental study
which researches the effects of SA on kidney and lung in
animal experiments with abdominal sepsis. For this purpose,
we planned this study to evaluate the effects of SA on lung and
kidney in the CLP-induced sepsis model.

2. METHODS

2.1. Laboratory Conditions and Drugs

This study was carried out in Atatlrk University Experimental
Animal Research and Application Center. University
Experimental Animals Local Ethics Committee (27.04.2018-
103) has approved the study All rats were kept in a laboratory
environment a 12-night/12-day, with a humidity of 55% and
a mean temperature of 21 °C. The experimental animals were
fed with standard pellet feed and tap water. However, all rats
were starved before 12 hours from the experiment., but free
to reach water. Ketamin (Ketalar®, Pfizer, Istanbul), Xylazin
(Rompun®, Bayer, Istanbul), and SA (Sigma-Aldrich Co, USA)
were used during the experiment.

2.2. Groups and Experimental Model

In this study, 24 Wistar albino male rats (weighing 200+10 g)
were used and divided into 3 groups. In the sham-operated
group (n=8), anesthesia was applied with a 60/10 mg/
kg ketamine/xylazine mixture (20). After the anesthesia,
rats’ abdomen was shaved, and a vertical midline incision
was made in the abdomen through skin and facia, then
it was closed with no CLP model. In the CLP group (n=8),
a midline laparotomy was done. The cecum was brought
outside the body. The cecal ligation was applied to the rats
and two through-and-through punctures were made on the
antimesenteric face of the cecum with an 18-gauge needle
and thus, CLP-induced polymicrobial sepsis model was
established. The cecum was replaced into the abdominal
cavity and the abdominal incision was closed via 3-0 silk
thread. 1% lidocaine solution was applied on the wound for
analgesia to the animals. In the CLP+SA group, in addition to
the CLP model, 20 mg/kg single dose intraperitoneal (i.p.) SA
was given. In this study, the preferred effective dose of SA
was selected from the previous studies (21, 22). In the 18th
hour after the application of CLP, rats were sacrificed under
high dose (23) anaesthesia. Then, the kidney and lung tissues
were removed. Tissue samples were stored at —80 ° C.

2.3. Biochemical Analysis of Kidney and Lung Tissues

After the kidney and lung tissue samples have been
homogenized, all biochemical analyses were made for the
homogenized tissues. Malondialdehyde (MDA) levels were
measured according to the method presented by Ohkawa
et. al, to define the lipid peroxidation status (24). The results
were given as pmol/g protein. It was analyzed using the
superoxide dismutase (SOD) activity specification protocol
detected by Sun et al (25). Superoxide dismutase (SOD)

activity results in tissue samples were given as U/mg protein.
Myeloperoxidase (MPOQ) activity was measured using a
method improved by Bradley et al (26). The results of MPO
activity ontissues were presented as U/g protein. Total oxidant
status (TOS) measurement was made with the commercially
available kit (Rel Assay Diagnostics, Product Code: RL024).
Total antioxidant status (TAS) value was evaluated with
the commercial kit (Rel Assay Diagnostics, Product Code:
RLO017). TAS and TOS results were presented as nmol/L. The
ratio of TOS to TAS was accepted as the oxidative stress index
(OSl). OSI value was detected as follows: OSI=[(TOS, umol
H,0, equivalent/L)/(TAS, mmol Trolox equivalent/L)x10] (27,
28).

2.4. Immunohistochemical Staining

Detection of kidney and lung tissues from euthanized rats
was carried out in neutral formaldehyde solution for 1 day
and formaldehyde was removed by washing with tap water.
The tissues were blocked in the paraffin through the routine
alcohol-xylol follow-up process. After the deparaffinization
of the tissues on the polylysine lam, they were kept in 3%
H,O, for 10 min to inactivate endogenous peroxidase activity
and they were washed in PBS. Later, the samples were stored
in antigen retrieval solution for 10 min at 500W to remove
antigens and they were washed in PBS again. Sodium citrate
buffer (Santa Cruz Biotechnology, Cat. No: sc-294091, 10
mM, pH 6.0) was used as antigen retival solution. Protein
block solution was added to prevent nonspecific binding
and washed in PBS. Cleaved caspase-3 (Novus Biological,
Cat. No: NB600-1235, Dilution:1/100), tumor necrosis
factor-alpha (TNF-a) (Novus Biological, Cat. No: NBP1-
19532, Dilution:1/100), and interleukin-1 beta (IL-1B) (Bioss,
Cat. No: bs-0812R, Dilution:1/100) were applied to the
sections as primer antibodies and washed with phosphate
buffer solution (PBS). Finally, it was followed the procedure
described by the expose mouse and rabbit specific HRP/DAB
detection IHC kit (Abcam: ab80436). 3,3’-diaminobenzidine
chromogen was used, and contrast stained with hematoxylin.
Immunopositivity was examined at 20x magnification in the
light microscope according to the severity of positive staining.

2.5. Statistical Analysis

The results obtained from the experiments were given as mean
+ standard deviation. P-values below 0.05 were considered
statistically significant. The comparisons between groups
were done according to One-Way ANOVA and Bonferroni
test. In the immunohistochemical study, the immunopositivity
observed in the kidney and lung tissues were evaluated as
severe immunopositivity +++, moderate immunopositivity
++, mild immunopositivity +, and negativity — (29, 30). The
Kruskal Wallis test was used to determine the difference
among the groups, and the Mann-Whitney U test was used
for identification of the groups that produced the differences
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3. RESULTS

3.1. Biochemical Results of Kidney and Lung Tissues

The results of this research obviously showed that CLP
caused an important increase in the levels of TOS, MDA, OSI
values, and MPO activities compared with the Sham group
on kidney and lung tissues (P-values<0.05) (see Table 1).
On the other hand, it was detected that these parameters
significantly decreased in the group treated by SA compared
with the CLP group (P-values<0.05). However, treatment with
SA caused significant changes on kidney and lung tissues. TAS
values and SOD activities were compared in all groups. TAS
values and SOD activities increased due to treatment with SA
in comparison with untreated CLP group (see Table 1).

Table 1. Efficacy of Sinapic acid on kidney and lung, total antioxidant
status (TAS), total oxidant status (TOS) and oxidative stress index
(0Sl) in sepsis induced by cecal ligation puncture (CLP) in rats.

Sham- P CLP-Sipapic
operated acid
TAS
(mmol Trolox 0.61+0.05° |0.25+0.01*" |0.56+0.06°
equivalent /L)
TOS
Lung
(umol HZO2 6.25+0.69° |8.11+0.32%" |6.59+0.42 2"
equivalent / L)
[o}]] 1.02+0.15% | 3.26+0.28° 1.1840.15°
TAS
(mmol Trolox 2.12+0.21° | 1.17+0.17*° |2.09+0.20°
equivalent / L)
Kidney TOS
(umol HZO2 5.80+0.48° |7.43+0.78%° |5.84+0.53%°
equivalent /L)
oSl 0.27+0.03% | 0.63+0.08" |0.28+0.04°

a(P-values<0.05); Between the Sham-operated and CLP groups statistically
significant.
b(P-values<0.05); Between the CLP and CLP—Sinapic acid groups statistically
significant.

Table 2. Quantification of Caspase-3, IL-18, and TNFaimmunopositive
cells in the CLP and sinapic acide treated rats in kidney tissue.

Groups/Immunopositivity Caspase 3 IL-1B TNFa
Sham 0.12+0.12° | 0.25£0.16% | 0.12+0.12
CLP 2.750.16° | 2.50£0.26° | 2.37+0.41
CLP+Sinapic acide 1.62+0.37¢ | 1.25£0.25° | 1.12+0.39

Immunopositivity data are expressed as mean + SEM (n = 8). Different
superscript letters(a,b,c) show the difference among groups.
3.2. Immunohistochemical Results of Kidney Tissue

Immunohistochemically, differences between groups
were determined in terms of caspase 3, IL-1B and TNFa

immunopositivity (p<0.05, Table 2). Immunohistochemical
staining for apoptosis did not show caspase-3
immunopositivity in the sham group (Fig. 2A). Caspase-3
immunopositivity was found as the most intensive in
tubular epithelial cells and glomeruli in the CLP group
(Fig. 2B). In the CLP+SA, Caspase-3 immunopositivity
was observed only in the tubular epithelial cells (Fig. 2C).
Immunohistochemical staining for inflammatory reaction
did not show IL-1B immunopositivity in the sham group (Fig.
3A). IL-1B immunopositivity was most intensively seen in the
intertubular area and glomeruli in the CLP group (Fig. 3B and
Table 2). In the CLP+SA group, IL-1B immunopositivity was
found in the tubular epithelial cells and intertubular area (Fig.
3C and Table 2). TNF-a immunopositivity was not found in
the sham group (Fig. 4A). TNF-a immunopositivity was most
abundant in the tubular epithelial cells and intertubular area
in sepsis (CLP) group (Fig. 4B and Table 2). In CLP+SA group,
a mild TNF-a immunopositivity was found in the intertubular
area and glomeruli (Fig. 4C and Table 2).

3.3. Immunohistochemical Results of Lung Tissue

Immunohistochemical staining for apoptosis did not show
caspase-3 immunopositivity in the sham group (Fig. 5A).
Caspase-3 immunopositivity was found as the most intensive
in the inflammatory cells of peribronchiolar lymphoid
hyperplasia field in the CLP group (Fig. 5B). In the CLP+SA
group, there was a mild Caspase-3 immunopositivity around
the bronchiole (Fig. 5C). Immunohistochemical staining for
inflammatory reaction did not show IL-1 immunopositivity in
the sham group (Fig. 6A and Table 3). IL-1B immunopositivity
was most intensively seen in the inflammatory cells of
peribronchiolar lymphoid hyperplasia field in the CLP
group (Fig. 6B and Table 3). In the CLP+SA group, it has
been observed that IL-13 immunopositivity decreased
although there was peribronchiolar lymphoid hyperplasia
intensity (Fig. 6C and Table 3). TNF-a immunopositivity was
not found in the sham group (Fig. 7A and Table 3). TNF-a
immunopositivity was most abundant in the inflammatory
cells of peribronchiolar lymphoid hyperplasia field in the CLP
group (Fig. 7B and Table 3). In CLP+SA group, there was a
moderate TNF-a immunopositivity in the inflammatory cells
around the bronchial (Fig. 7C and Table 3).

Table 3. Quantification of caspase 3, IL-16, and TNFa immunopositive
cells in lungs of the CLP and sinapic acide treated rats in lung tissue

Groups/Immunopositivity Caspase 3 IL-18 TNFa

Sham 0.00£0.00° | 0.12+0.12* | 0.12+0.12°
CLP 2.62+0.18" | 2.37+0.32° | 2.25+0.41°
CLP+Sinapic acide 1.75£0.36° | 1.12+0.29° | 1.00£0.32°

Immunopositivity data are expressed as mean * SEM (n = 8). Different
superscript letters(a,b,c) show the difference among groups.
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Figure 1. A) MPO activity in all groups. a (p-values<0.05); Between
the sham-operated and CLP groups statistically significant. b
(p-values<0.05); Between the CLP and CLP+SA groups statistically
significant. B) SOD activity in all groups. a (p-values<0.05); Between
the sham-operated and CLP groups statistically significant. b
(p-values<0.05); Between the CLP and CLP+SA groups statistically
significant. C) MDA levels in all groups. a (p-values<0.05); Between
the sham-operated and CLP groups statistically significant. b
(p-values<0.05); Between the CLP and CLP+SA — Sinapic acid groups
statistically significant.

Figure 2. A) Sham-operated group, B) CLP group, intense caspase-3
immunopositivity in the tubule epithelium (arrow) and glomerular
structure (arrow head), C) CLP-Sinapic acid group, caspase-3
immunopositivity in the tubular epithelial cells (arrow).

Figure 3. A) Sham-operated group, B) CLP group, intensive
IL-18 immunopositivity in the intertubular area (arrow) and
glomerular structure (arrow head), C) CLP-Sinapic acid group, IL-
18 immunopositivity in the intertubular area (arrow) and tubule
epithelial cells (arrow head).

Figure 4. A) Sham-operated group, B) CLP group, intensive TNF-o
immunopositivity in the intertubular area (arrow) and tubule
epithelial cells (arrow head), C) CLP-Sinapic acid group, TNF-a
immunopositivity in the intertubular area (arrow) and glomerulus
(arrow head).

Figure 5. A) Sham-operated group, B) CLP group, intense caspase-3
immunopositivity in the inflammatory cells of peribronchiolar
lymphoid hyperplasia area (arrow), C) CLP-Sinapic acid group, mild
caspase-3 immunopositivity in the inflammatory cells around the
bronchiole (arrow).

Figure 6. A) Sham-operated group, B) CLP group, intense IL-18
immunopositivity in the inflammatory cells of peribronchiolar
lymphoid hyperplasia area (arrow), C) CLP-Sinapic acid group,
decreased IL-18 immunopositivity in the peribronchiolar lymphoid
hyperplasia area (arrow).
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Figure 7. A) Sham-operated group, B) CLP group, intense TNF-a
immunopositivity in the inflammatory cells of peribronchiolar
lymphoid hyperplasia area (arrow), C) CLP — Sinapic acid group,
mild TNF-a immunopositivity in the inflammatory cells around the
bronchiole (arrow).

4. DISCUSSION

Despite the advances in pathogenesis, pathophysiology,
diagnosis and treatment methods, sepsis is a lethal process
which still maintains its importance today. The incidence of
sepsis, the consequences of which change over time, and
having limited information about epidemiology make it a
remarkable health problem. It ranks 10" among the causes
of death in the USA. It is estimated that 1400 people die
every day, and about 500,000 people die per year due to
sepsis worldwide (31, 32). The basis of physiopathological
events that occur in the sepsis, is an initiation of the immune
system response against the toxins and the antigenic
structures of the microorganisms entering the body. Sepsis
develops if the inflammatory response grows and goes out
of control. The inflammatory and procoagulant responses
caused by sepsis lead to diffuse endothelial dysfunction,
endovascular injury and even multiple organ failure. Factors
such as inflammatory-anti-inflammatory, procoagulant-
anticoagulant, oxidant-antioxidant, apoptotic-antiapoptotic
mechanisms which play a crucial role in maintaining of
homeostasis balance, trigger irreversible damage and
organ failure in sepsis (33-35). Despite improvements in the
treatment of sepsis-induced CLP, the incidence of multiple
organ failure and mortality rates are high. It is believed that
excessive production of oxygen free radicals, activated by
immune system cells, cause oxidative damage and it takes
an important role in the pathogenesis of sepsis (36, 37). The
lungs are the most affected organs during the multiple organ
failure. Poor prognosis in sepsis is often responsible for the
lung complications (38). Major systemic and local mediators,
neutrophil-endothelium interactions, microvascular
thrombosis, renal hypoperfusion and reperfusion injury
have been accepted as responsible for the pathogenesis of
acute renal failure which is another important organ damage
in sepsis. Renal cell death in acute renal failure depends on
necrosis as well as apoptosis (39). In the early phase of sepsis,
activated phagocytes release large quantities of granular
enzymes and produce uncontrolled oxygen free radicals.
Goode et al. enounced that oxidative damage is important in
the pathogenesis of sepsis and antioxidant therapy can play
a protective role against sepsis and its complications (36).
The formation of superoxide radical increases depending on

a number of factors such as inflammation, radiation, aging,
chemical substances and medicines. Superoxide radicals
affect allimportant compounds in cells such as lipids, proteins,
DNA, and carbohydrates. Free radicals are highly reactive and
short-lived (40, 41). Therefore, it is difficult to measure them
directly. To determine the increase in free radical production,
measurement of the final products of peroxidation such as
MDA, last product of lipid peroxidation, is the most widely
used method. In our model, the antioxidant feature is the
main protective effect of SA. Inhibition of oxidative stress
in the treatment of CLP-induced sepsis model is one of the
important mechanisms that prevent organ damage. Other
antioxidants such as glutathione (GSH), melatonin, and
vitamin E modulate reactive oxygen species (ROS) in cells
and inhibit the tissue damage (42, 43). MDA is one of the
extremely reactive metabolic products, resulting from lipid
peroxidation, which is caused by free oxygen radicals on
the tissues (44). ]. MDA levels increased significantly on the
tissues as a result of lipid peroxidation with liver and kidney
toxicity due to CLP, which was given formerly in the literature
(9, 45, 46). SOD acts as a supportive antioxidative enzyme
that provides protective defence against ROS (47). Viewed
incompatible with the finding of Xie et al. (2012), Abd El-
Latif et al. (2016) and other studies indicate an important
decrease in the activities of SOD in the liver and kidney of
CLP-applied animals (9, 48). In our study, MDA level and MPO
activity of lung and kidney tissues increased significantly in
the sepsis model. However, the SA treatment changed the
results markedly and the oxidative stress response reduced.
The definition of TOS value provides an important mark of
lipid peroxidation and oxidative stress. TAS, as an antioxidant,
can maintain the tissue against the oxidative damage
through scavenging free radical species. OSl is a parameter
that demonstrates whether the oxidant and antioxidant
balance is improved on the oxidant side or on the antioxidant
side. It is detected by proportioning total oxidants into total
antioxidants. The use of OSl is more precious than the use
of oxidants and/or antioxidants alone. Increased OSI value
due to increased oxidants or reduced antioxidants, initiates
uncompensated free radicals, which is lead to peroxidation
of lipids, oxidation of proteins and DNA damage (20). In this
study, we measured TAS, TOS and OSI values of lung and
kidney tissues in the CLP-induced sepsis.

The regulation of apoptosis in cells have conducted by
caspases. Until today, 14 different members of the caspase
family have been defined, which form two categories. One
included in the activation of other caspase family members,
caspases such as caspase-1, caspase-2, caspase-4, caspase-5,
caspase-8, caspase-9, and caspase-10, and the others mainly
interceding apoptosis, involving caspase-3, caspase-6,
caspase-7, and caspase-14. Caspase-8 and caspase-9 activate
caspase-3 to start apoptosis (49, 50). In this study, as it was in
a previous study [39], it was exposed caspase-3 activities and
found that CLP promoted caspase-3, indicating that both the
programmed cell death receptor and mitochondria-related
pathways were involved in apoptosis in the CLP model
induced by sepsis of renal and lung cells. Sepsis occurs via a
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network of pro-inflammatory cytokines, such as TNF-a and
interleukin, which are extremely produced due to the diverse
harmful situation, for example, infections. This intensified
inflammatory response in the kidney is considered to be a
crucial part of the pathophysiology of sepsis (51). Similar to
the findings of many studies (52, 53), TNF-alpha and IL-1b
levels increased in renal and lung tissues due to sepsis
induced by the CLP method. This condition indicates that an
intense apoptosis was triggered in kidney and lung tissues.
But proinflammatory cytokine levels reduced due to SA
treatment and inflammation severity decreased.

5. CONCLUSION

As a conclusion, TAS value declined in lung and kidney tissues
but TOS and OSI values increased in the CLP group. On the
other side, both TOS and OSI values diminished and TAS
value increased due to SA treatment. numerous studies were
performed to reduce the complications that may occur during
sepsis (4, 9, 54, 55). As a result of these studies, many new
drugs have been developed in the treatment of sepsis and it
is still debated which drug is more effective. It was detected
in many studies in literature that SA protects against oxidative
damage of heart tissue in ischemic reperfusion injury, has
a protective effect on lysosomal dysfunction in ischemic
heart damage caused by isoproterenol, is effective against
cisplatin-induced nephrotoxicity, is effective against kainic
acid-induced hippocampal neuronal damage, is protective
against oxidative kidney damage caused by gentamicin,
and also is effective against arsenic-induced toxicity (15-17,
56, 57). In our study, the effects of SA on kidney and lungs
were investigated by creating a sepsis model via CLP in rats.
This study indicated that SA with antioxidant efficacy may
be a potential treatment for sepsis. further researches are
imperative through clinical human studies whether SA can
be used clinically and to elucidate the mechanisms of the
presented therapeutic efficiency of SA.
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