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ABSTRACT

Background: Sepsis is a well-known cause of multiple organ failure although its molecular mechanism is not fully 
defined. In this study, antioxidant, and anti-inflammatory effects of lacosamide (LCM) on the kidney tissue of rats with 
sepsis were investigated in the experimental LPS-induced sepsis model. 

Materials and Methods: Twenty-four female Wistar albino rats were divided into three groups: Control group, 
LPS group (5 mg/kg LPS, i.p, single dose), and LPS+LCM (5 mg/kg LPS, i.p, single dose + 40 mg/kg LCM, i.p, 3 days 
pretreatment). Malondialdehyde (MDA), superoxide dismutase (SOD) and catalase (CAT) activities were analyzed in 
kidney tissues. Creatinine, blood urea nitrogen (BUN) and uric acid levels were measured in the blood. Hyperemia and 
micro hemorrhages were examined by histopathological analysis. In addition, TNF-α, C-reactive protein (CRP), IL-1β, 
heat shock protein-70 (HSP70), and MDA expressions were evaluated. 

Results: The levels of MDA, BUN, Creatinine, and uric acid were increased, whereas CAT and SOD levels were decreased 
in LPS group. Histopathological and immunohistochemical examinations of the kidney tissue revealed hyperemia 
and micro hemorrhages together with an increase in TNF-α, CRP, IL-1β, HSP70, and MDA expressions in LPS group. 
Pretreatment with LCM prevented the development of all the pathological findings parameters in the kidney and 
serum. 

Conclusion: LCM pretreatment decreased oxidative damage in sepsis-induced kidney injury in the experimental 
model. However, LCM demonstrated favorable properties against sepsis-induced acute kidney injury reducing pro-
inflammatory cytokine release.
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INTRODUCTION 

Sepsis is the extreme immune response of the body to 
microbial infections. It is defined as a life-threatening 
organ dysfunction. According to hospital records, the 
mortality rate is high all over the world. There are more 
than 31 million sepsis cases and 5 million sepsis-related 
deaths recorded each year [1,2]. Today, despite the usage 
of more effective pharmacological agents following a 
better understanding of the pathophysiology of sepsis, 
the cost of treatment continues to be an economic burden 

for many countries [3,4]. Recent studies have reported 
a decrease in sepsis-related mortality in intensive care 
units. However, these data are difficult to interpret 
as there may be differences in levels of countries’ 
development and pre-hospital and in-hospital response 
time and treatment [5]. Various epidemiological studies 
have pointed out that there is still no standard definition 
for sepsis. This hinders the comparability of sepsis 
outcomes worldwide [2,5]. Sepsis is recognized as a 
multiple organ dysfunction syndrome. Infections and 
non-infectious stimuli induce the release of significant 
amounts of cytokines by stimulating the innate immune 
system which results in sepsis [6]. Thus, sepsis is 
characterized by large cytokine release resulting in 
oxidative stress, mitochondrial dysfunction, cellular 
injury, and organ insufficiency [7].

50% of mortality rate in patients with sepsis, especially 
in intensive care units, is associated with acute kidney 
injury [8]. Our understanding of the pathogenesis of by 
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sepsis-induced of acute kidney injury is limited, but it 
is now clear that septic acute kidney injury is different 
from ischemic acute kidney injury which has been 
identified and studied in a variety of experimental and 
clinical settings [9]. In early experimental studies of 
septic acute kidney injury, renal blood flow was reported 
to decline after the administration of endotoxin. The 
results of these endotoxin-based experiments led 
to the conclusion that septic acute kidney injury in 
humans may result from kidney vasoconstriction and 
ischemia [10]. The diagnosis of acute kidney injury is 
based on a sudden decrease in glomerular filtration 
rate and increase in serum Creatinine level [11]. The 
pathophysiology of sepsis-associated acute kidney injury 
is characterized by a decreased glomerular filtration rate 
(GFR), deterioration in peritubular capillary circulation, 
systemic and local inflammatory cytokine release, and 
tubular dysfunction caused by oxidative stress [12].

Information on sepsis-induced renal tubular dysfunction 
is insufficient. However, reduction in glomerular 
filtration rate of toxic blood is thought to cause tubular 
cell damage and oxidative stress [13]. Thus, cytokines, 
chemokine’s, complement fragments, and other cellular 
components in sepsis have a toxic effect on the luminal 
surface of tubular cells. This "Inflammatory theory 
of acute kidney injury" is supported by experimental 
studies. For example, lipopolysaccharide can interact 
with Toll-like receptors (TLR) expressed on tubular cells, 
and in response to inflammation, a decrease in energy 
consumption, autophagy, mitochondrial dysfunction, 
and loss of cell polarity may occur in the kidney [14]. 
In human and animal studies, it has been shown that 
the main characteristic of acute kidney injury caused 
by sepsis is not apoptosis, but inflammation; diffuse 
microcirculatory flow abnormalities, and cellular 
bioenergetics responses to injury [15].

Lacosamide (LCM) is an antiepileptic agent which is 
widely used in the adjunctive treatment of partial-onset 
seizures [16]. The properties of LCM include dissolution 
in water, complete absorption after oral administration, 
high oral bioavailability (100%), maximum plasma 
concentrations reached 0.5-4 h after intake [17], and 
passage across the blood-brain barrier [18]. LCM is 
mainly eliminated by renal excretion. LCM selectively 
enhances slow inactivation of voltage-gated sodium 
channels, unlike traditional sodium channel blockers 
[17]. In experimental models, LCM has been shown to 
inhibit inflammation and lipid peroxidation with its 
antioxidant and anti-inflammatory activities [19].

Investigating the effects of lacosamide on sepsis may lead 
to a new roadmap in sepsis treatment. The purpose of 
this study was to investigate the anti-inflammatory and 
antioxidative effects of lacosamide on sepsis-induced 
acute kidney injury.

MATERIALS AND METHODS

Animals
Twenty-four female Wistar albino rats weighing 300-

350 g were used in this study. Environmental conditions 
for the laboratory animals during the experiment were 
established as follows: ad libitum feeding, tap water, 12-h 
light/dark cycle, temperature 22 ± 2ºC, and humidity 55-
60%. The experimental procedures were approved by the 
Animal Experiments Local Ethics Committee of Mehmet 
Akif Ersoy University (Ethic No: 543, 18/09/2019). The 
study was conducted in accordance with the animal 
research guidelines of the National Institute of Health. 
The maintenance, housing, and feeding conditions of the 
animals were the same in all groups.

Study groups
Twenty-four female Wistar-albino rats were randomly 
divided into three groups (n=8): 

Control group: rats received of daily administration of 
normal saline via intraperitoneal (i.p.) injection for 3 
days.

LPS group: rats received a single dose of LPS (5 mg/
kg, i.p) and normal saline (i.p., for 3 days before LPS 
application). LPS (Sigma-Aldrich, Steinheim am Albuch, 
Germany) was dissolved in normal saline. The dose of 
LPS used in the study was based on previous studies in 
which rats were shown to experience endotoxemia after 
the administration of 5 mg/kg LPS [15,20]. LPS-induced 
systemic inflammation has been a widely used model for 
sepsis studies [21]. 

LPS+LCM group: rats received a single dose of LPS (5 
mg/kg, i.p) and LCM (40 mg/kg, i.p., for 3 days before 
LPS application). LCM (Adeka Farmacy, Turkey) was 
dissolved in normal saline. LPS was injected 30 minutes 
after the last LCM application. The dose of LCM used in 
the study was based on previous studies [19]. Renewed 
current pharmacokinetics of LCM was taken into account 
in determining the LCM treatment.

Six hours after the last LPS administration [19,20] all 
rats were sacrificed via ketamine-xylazine anesthesia 
(90 mg/kg ketamine (Alfamine, Alfasan IBV) and 10 mg/
kg xylazine (Alfazin, Alfasan IBV).

After abdominal incision, blood samples from all animals 
were collected from inferior vena cava. The obtained 
blood samples were centrifuged at 10000g for 15 
min at 4oC. The collected serum was stored at -80oC 
for biochemical analysis. At the same time, bilateral 
nephrectomy was performed. Right kidneys were placed 
in 10% formaldehyde solution for histopathological 
examinations. Left kidneys were homogenized and 
stored at -80°C for biochemical analysis.

Biochemical analysis

Preparation of tissue samples
The kidney tissues obtained from each animal were 
placed in phosphate buffer (pH 7.4) and shredded 
with a homogenizer (IKA Ultra-Turrax T25 Basic; 
Labortechnic, Staufen, Germany) and a sonicator (UW-
2070 Bandelin Electronic, Germany). Then, the samples 
were centrifuged at 4000 rpm for 10 min at +4oC. Tissue 
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Germany). Subsequently, the sections were routinely 
stained with hematoxylin and eosin (Harris staining 
method) and evaluated under a light microscope. The 
microscopic findings were evaluated and blindly graded, 
and the lesions were examined by an independent 
pathologist. Histopathological changes were evaluated 
for three parameters: (a) hemorrhage, (b) edema, and 
(c) hyperemia. For damage rating, no damage (-), mild 
damage (+), moderate damage (++), severe damage 
(+++) were used.

Immunohistochemical analyses
The kidney samples were immnuostained with 
interleukin-1β [Anti-IL1 beta antibody (ab2105)], MDA 
[Anti-Malondialdehyde antibody (ab6463)], heat shock 
protein-70 [Anti-Hsp70 antibody [5A5] (ab2787)], 
C-reactive protein [Anti-C Reactive Protein antibody-
Aminoterminal end (ab65842)], and Tumor necrosis 
factor-alpha [Anti-TNF alpha antibody (ab6671)] by 
streptavidin-biotin method. IHC kits and all primary 
serums were purchased from Abcam (Cambridge, UK). 
The sections were incubated with primary antibodies 
for 60 minutes. Then, the sections were incubated with 
biotinylated secondary antibody and streptavidin-
alkaline phosphatase conjugate. EXPOSE Mouse and 
Rabbit Specific HRP/DAB Detection IHC kit (ab80436) 
was used for the secondary antibody. Diaminobenzidine 
(DAB) was used as the chromogen. Positive and negative 
controls were performed for each marker. For negative 
controls, the primary antiserum step was omitted. All 
immunohistochemical examinations were performed 
in a blinded manner by a pathologist who was unaware 
of the groups. To evaluate the percentage of positively 
immunostained cells for each marker, the cells from 
each group were counted in 10 different areas in every 
section at X40 magnification. All the slides were analyzed 
for immunopositivity, and a semiquantitative analysis 
was conducted. The samples were scored from 0 to 3 
according to the intensity of staining (0=absence of 
staining; 1=slight, 2=medium, and 3=marked staining). 
The groups’ scores were statistically analyzed to 
evaluate differences between the groups. Morphometric 
examinations were performed using the Database 
Manual CellSens Life Science Imaging Software (Olympus 
Co., Tokyo, Japan).

samples were stored at -80°C for biochemical analysis.

Assay of malondialdehyde (MDA)
The concentration of protein was defined by the Bradford 
method [22]. Draper and Hadley's (1990) double 
heating method was used for MDA determination [23]. 
The samples were incubated with thiobarbituric acid, 
and the absorbance of the resulting colored complex was 
measured spectrophotometrically at 532 nm against 
a blank sample. The result was presented as μmol/mg 
protein.

Assay of superoxide dismutase (SOD)
SOD enzyme activity was analyzed according to the 
method of Woolliams et al. This method employs xanthine 
and xanthine oxidase to generate superoxide radicals 
which react with 2-(4-iodophenyl)-3-(4-nitrophenol)-5-
phenyltetrazolium chloride (INT) to form a red formazan 
dye. The resulting change in absorbance was read at 560 
nm using a spectrophotometer and presented as U/mg 
protein [24].

Assay of catalase (CAT)
CAT activity was evaluated using the Aebi method. 
Hydrogen peroxide was used as a reaction substrate, and 
the absorbance was determined spectrophotometrically 
at 240 nm [25].

Assay of BUN, Creatinine, and uric acid levels in 
serum
To assess renal functions, serum BUN, Creatinine, and 
uric acid levels were analyzed using Olympus Auto 
Analyzer (Olympus Instruments, Tokyo, Japan). The 
results were presented as mg/dl.

Histopathological analyses
At necropsy, the kidneys were macroscopically evaluated, 
and tissue samples were collected. The collected kidney 
tissues were fixed in a buffered 10% neutral formalin 
solution and routinely processed by a tissue processor 
(Leica ASP300S automated tissue processor, Wetzlar, 
Germany). Subsequently, the samples were embedded 
in paraffin. Then, the sections at 5-μm thickness were 
cut from the paraffin blocks by a fully motorized rotary 
microtome (Leica RM2155, Leica Microsystems, Wetzlar, 

Figure 1: Values are presented as means ± SD, n=8. The relationships between groups and results of Oxidative stress data are assessed by one-
way ANOVA test (post hoc LSD test). p values statistically significant compared with *: Control and #: LPS groups.
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Statistical analysis
Statistical analysis of the data was done using SPSS 22.0 
for Windows. The data were tested for the normality 
of distribution by Kolmogorov Smirnov and Shapiro-
Wilk tests. All the data showed normal distribution, 
thus, one-way ANOVA and post hoc LSD tests were 
used to compare biochemical, histopathological, and 
immunohistochemical scores of the groups. Variables 
were presented as mean ± standard deviations. P<0.05 
was considered statistically significant.

RESULTS

Biochemical results 

Effects of LCM on malondialdehyde in LPS-induced 
kidney injury
LPS administration caused a significant increase in MDA 
levels compared to the control group (p=0.001). LCM 
treatment significantly decreased MDA levels compared 
to LPS group (p=0.001) (Figure 1).

Effects of LCM on catalase and superoxide 
dismutase enzyme activity in LPS-induced kidney 
injury
In LPS group, CAT and SOD activity levels were 
significantly decreased compared to the control group 
(p=0.001 and p=0.037, respectively). However, LCM 
administration significantly increased CAT and SOD 
activity levels compared to LPS group (p=0.005 and 
p=0.004, respectively). All the results are shown in 
Figure 1.

Effects of LCM on serum creatinine, BUN, and uric 
acid levels in LPS-induced kidney injury
BUN, creatinine, and uric acid levels of all groups are 
shown in Table 1. BUN levels were increased in LPS 
group compared to the control group (p=0.001). LCM 
administration significantly reduced BUN levels in 

LPS+LCM group compared to LPS group (p=0.004). In 
LPS group, creatinine levels were significantly increased 
compared to the control group (p=0.001). Creatinine 
levels did not decrease significantly in LPS + LCM 
group compared to LPS group. Uric acid levels in LPS 
group were increased compared to the control group 
(p=0.004). LCM treatment significantly decreased uric 
acid levels compared to LPS group (p=0.006).

Histopathological findings
At microscopic examination, no pathological findings 
were observed in the kidney of the control group 
(grade 0). Following LPS exposure (LPS group), marked 
hyperemia, edema, and scattered hemorrhagic areas 
were observed (grade +++). However, LCM treatment 
(LPS+LCM group) ameliorated these histopathological 
findings (grade - ) (Figure 2).

Immunohistochemical findings
A marked increase in TNF-α expression was observed in 
tubular and glomerular cells in LPS group compared to 
the control group (p<0.001). LCM treatment decreased 
the number of TNF-α positive cells in LPS+LCM group 
compared to LPS group (p<0.001) (Figure 3). We found 
an increased IL-1β expression in tubular cells in LPS 
group compared to the control group (p<0.001), while 
no expression was found in other groups (Figure 4). A 
marked increase in CRP expression was observed in 
tubular and glomerular cells in LPS group compared 
to the control group (p<0.001). LCM treatment slightly 
ameliorated CRP values in LPS+LCM group compared 
to LPS group (Figure 5). We found an increased HSP70 
expression in tubular cells of LPS group compared to 
the control group (p<0.001). LCM treatment decreased 
HSP70 expression in LPS+LCM group compared to LPS 
group (p<0.001) (Figure 6). We found an increased MDA 
expression in LPS group compared to the control group 
(p<0.001) in tubular and glomerular cells. LCM treatment 

Table 1: Serum creatinine, BUN and uric acid data of all groups.

Groups
BUN (mg/dL) Creatinine (mg/dL) Uric Acid (mg/dl)

Mean ± SD P value Mean ± SD P value Mean ± SD P value
Control 19.75 ± 1.66 0.43 ± 0.05 1.03 ± 0.31

LPS 35.66 ± 7.08 a0.001 0.59 ± 0.09 a0.001 1.73 ± 0.54 a0.004
LPS+LCM 24.66 ± 7.50 b0.004 0.58 ± 0.08 1.03 ± 0.28 b0.006

Values are presented as means ± SD, n=8. The relationships between groups and results of BUN, creatinine and uric acid levels are assessed by one-way 
ANOVA test (post hoc LSD test). p values statistically significant compared with a: control and b: LPS groups. BUN (Blood urea nitrogen)

Figure 2: Histopathology of the kidneys. (A) Normal appearance of the control group. (B) Marked hyperemia (arrows) in LPS group. (C) Normal 
tissue architecture in LCM treated group HE. Bars=50 μm.
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Figure 3: TNF-α expression in kidneys between the groups. (A) No expression in control group. (B) Increased expression in tubular and 
glomerular cells (arrows) in LPS group. (C) Negative expression in LCM treated group. Streptavidin biotin method, Bars=50 μm. Values are 
presented as means ± SE. The relationships between groups and results are assessed by one-way ANOVA. *p<0.001 when compared to the 
control group. #p<0.001 when compared to the LPS group. TNF-α: tumor necrosis factor.

Figure 4: IL-1β expression in kidneys between the groups. (A) No expression in control group. (B) Increased expression in tubular cells 
(arrows) in LPS group. (C) Negative expression in LCM treated group. Streptavidin biotin method, Bars=50 μm. Values are presented as means 
± SE. The relationships between groups and results are assessed by one-way ANOVA. *p<0.001 when compared to the control group. #p<0.001 
when compared to the LPS group. IL-1β: Interleukin-1beta.

Figure 5: CRP expression in kidneys between the groups. (A) No expression in control group. (B) Increased expression in tubular and 
glomerular cells (arrows) in LPS group. (C) Very slight expression in LCM treated group Streptavidin biotin method, Bars=50 μm. Values are 
presented as means ± SE. The relationships between groups and results are assessed by one-way ANOVA. *p<0.001 when compared to the 
control group. #p<0.001 when compared to the LPS group. CRP: C-reactive protein.

Figure 6: HSP70 expression in kidneys between the groups. (A) No expression in control group. (B) Increased expression in tubular cells 
(arrows) in LPS group. (C) Negative expression in LCM treated group. Streptavidin biotin method, Bars=50 μm. Values are presented as means 
± SE. The relationships between groups and results are assessed by one-way ANOVA. *p<0.001 when compared to the control group. #p<0.001 
when compared to the LPS group. HSP-70: Heat shock protein-70.

Figure 7: MDA expression in kidneys between the groups. (A) No expression in control group. (B) Increased expression in tubular and 
glomerular cells (arrows) in LPS group. (C) Negative expression in LCM treated group. Streptavidin biotin method, Bars=50 μm. Values are 
presented as means ± SE. The relationships between groups and results are assessed by one-way ANOVA. *p<0.001 when compared to the 
control group. #p<0.001 when compared to the LPS group. MDA: Malondialdehyde.
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decreased the number of these cells in LPS+LCM group 
compared to LPS group (Figure 7). The results of the 
statistical analysis of immuno-histochemically positive 
cells are shown in Figures 3-7.

DISCUSSION

As we demonstrated in this experimental study, LCM 
has therapeutic effects on lipopolysaccharide-induced 
kidney injury in rats. Oxidative stress caused by LPS 
leads to free radical formation and subsequent protein 
oxidation, lipid peroxidation, and DNA damage leading 
to the tissue injury.

Oxidative stress and mitochondrial dysfunction are 
thought to play an important role in the development 
of sepsis-induced kidney injury [26]. In a recent study, 
researchers investigated the indicators of oxidative 
stress and mitochondrial dysfunction in an in vitro 
model of sepsis-induced renal injury. They demonstrated 
that LPS application increased the expressions of 
NADPH oxidase 4, nitric oxide, superoxide anion, 
reactive nitrogen species (RNS), and reactive oxygen 
species (ROS) [27]. In another study, researchers 
examined the role of endogenous and exogenous ROS 
scavengers to evaluate the potential impact of ROS on 
acute renal injury associated with endotoxemia. The 
results of the study showed that renal vasoconstriction 
during endotoxemia involve a down regulation of renal 
extracellular SOD by reduction of NO function by ROS. 
In another research, the effect of Honokiol (Houpo) 
on acute kidney injury in cecal ligation and puncture 
(CLP)-induced sepsis model was investigated, and it 
was shown that SOD activity was reduced in the sepsis 
group [28]. Malondialdehyde (MDA) is a major and most 
thoroughly researched oxidation product of peroxidized 
polyunsaturated fatty acids. It is an important indicator 
of oxidative stress [29]. In recent studies, MDA has been 
used as an indicator of many diseases such as cancer 
[30], diabetes [31], neurodegenerative diseases [32], 
cardiovascular diseases, liver and kidney diseases [29]. 
In our study, the activity of MDA, the oxidative stress 
marker, was increased, and SOD and CAT activities were 
decreased in the kidney tissues of animals exposed to 
LPS, supporting the previous data that showed that LPS 
induced kidney injury. According to our findings, LCM 
treatment ameliorated these parameters. 

Antioxidant therapy plays an important role in 
regulating mitochondrial membrane polarization 
required for oxidative phosphorylation in acute kidney 
injury caused by sepsis [33]. Kumar et al. investigated 
the pharmacokinetic and pharmacodynamics properties 
of lacosamide in experimentally induced hepatic and 
renal impairment in seizure animals. They showed that 
LCM (25 mg kg−1) decreased MDA levels in the kidney 
and increased SOD and CAT enzyme activities [34]. In 
our study, a significant decrease in MDA levels and an 
increase in SOD and CAT activities with LCM treatment 
showed that kidney injury caused by LPS-stimulated 
oxidative stress in rats can be prevented. Further studies 

are needed to elaborate on the effects of LCM therapy 
on the kidney injury caused by oxidative stress due to 
sepsis. It will contribute to a limited number of studies 
in this field.

BUN and serum creatinine are important biomarkers 
indicating acute kidney injury. However, serum 
creatinine concentrations may be increased by other 
non-renal factors such as muscle mass, liver function, 
and gastrointestinal elimination [35]. In several 
previous studies, it was shown that serum creatinine 
levels significantly increased 6 hours after CLP and LPS 
administration in the sepsis model [36-39]. Similar to 
these studies, our study findings revealed that serum 
creatinine, BUN, and uric acid levels significantly 
increased after LPS administration. LCM slightly 
ameliorated BUN and uric acid levels. Non-significant 
decrease in serum creatinine levels after LCM treatment 
was probably due to the short treatment duration in the 
experimental design. Further studies should evaluate 
whether longer treatment duration will be more 
effective.

Changes in vascular permeability are thought to be a 
key factor in the pathogenesis of sepsis-induced organ 
failure. An increased vascular permeability can lead to 
an increased peritubular capillary permeability, reduced 
microvascular flow, and hemorrhage [40]. Yasuda et 
al.  reported renal capillary leakage 6 hours after CLP 
administration [36]. Wang Z et al., (2012) demonstrated 
that capillary leakage occurs as early as 2 hours after 
CLP [33]. They also showed a decreased renal blood 
flow and peritubular capillary perfusion. Our data 
demonstrate that hyperemia and micro hemorrhages 
occur 6 hours after LPS administration. The results of 
histopathological examination of the kidney tissue of 
animals receiving LCM pretreatment were similar to the 
ones in the control group. According to our results, we 
can affirm that LCM pretreatment improves the findings 
of micro hemorrhage and hyperemia in the kidney.

Inflammation is thought to play an important role in the 
pathophysiology of acute kidney injury. In the present 
study, we investigated the production of TNF-alpha and 
IL-1 proinflammatory cytokines in the kidney. TNF-
alpha is an important indicator of acute renal injury [41]. 
In the study, TNF-α was reported to be a main indicator 
of inflammatory and hemodynamic responses caused by 
sepsis-induced acute kidney injury and release of other 
cytokines [39]. IL-1β cytokine is a critical component 
of the inflammation process. In a study reporting 
that betulin reduced kidney injury in septic rats by 
inhibiting TLR4 / NF-κB signaling pathway, researchers 
demonstrated that TNF-α, IL-1β, and IL-6 secretion 
drastically increased after LPS treatment [41]. Gu et al., 
in line with the previous studies, indicated that plasma 
TNF-α, IL-1β, and IL-10 expressions were increased 4 
hours after LPS exposure. Similar to the previous results, 
we found that LPS increased the secretion of TNF-α and 
IL-1β in the kidney [42].

CRP is commonly used as a marker of an acute 
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inflammatory state [43]. It is widely used in the clinic for 
the diagnosis of sepsis. High serum CRP concentrations 
are associated with the risk of organ failure and death, 
and monitoring CRP levels through the course of disease 
can help assess its response to the treatment in septic 
patients [44]. In a study investigating the relationship 
between CRP and leptin levels in septic men, it was 
shown that CRP, TNF-α, IL-1β, and IL-6 expressions 
were significantly elevated in the septic group [45]. 
CRP is the main acute phase reactant synthesized in the 
liver in humans. However, Jabs et al. showed that CRP 
may be synthesized in extrahepatic organs in case of 
inflammation. In their study, researchers demonstrated 
the formation of CRP in cortical tubular cells in vivo 
[46]. Similarly, we demonstrated an increase in CRP 
secretion in the kidney 6 hours after LPS administration 
by immunohistochemistry.

Elevated HSPs expressions are known to be caused by 
various pathological conditions such as temperature rise, 
oxidative stress, and inflammation [47]. In numerous 
studies it has been shown that HSP70 was able to reduce 
the release of proinflammatory cytokines and decrease 
apoptosis in renal and lung cells. Thus, it has been shown 
that HSP70 can regulate cytokine release [48]. Therefore, 
in addition to TNF-α, IL-1β, and CRP inflammatory 
mediators, we investigated the relationship between 
HSP70 expression, sepsis, and acute renal injury. Our 
results showed an increased HSP70 expression in acute 
kidney injury induced by sepsis.

Lacosamide is a potential therapeutic agent for sepsis-
induced acute kidney injury. Some cytokines (such as 
TNF-α, IL-1β) that stimulate inflammatory reactions 
are activated in response to oxidative stress [49]. In a 
previous study, researchers demonstrated that LCM 
significantly reduced TNF-α, IL-1β, and IL-6 levels in 
brain, liver, and kidney injuries in an experimental 
epilepsy model [29]. In another study investigating 
potential anti-inflammatory and antioxidant effects of 
LCM, researchers examined TNF-α, CRP, and MDA levels 
in rats with sepsis-induced neuropathy. They showed 
that LCM significantly reduced TNF-α, CRP, and MDA 
levels compared to the sepsis group [16]. We found that 
LCM inhibited TNF-α, IL-1β, CRP, and HSP70 elevation in 
the kidney 6 hours after LPS administration (Figures 3-7). 
However, further research is needed to clarify these results.

There is limited research on the anti-inflammatory 
effect of lacosamide. However, lacosamide has been 
identified as a good alternative in diseases as well as 
epilepsy in recent studies, it has been shown to have 
neuroprotective properties with an effective reduction 
in neuroinflammation and improvement signals in 
neurogenesis. Promising results have been found in in 
vitro and in vivo models [50]. In line with these promising 
studies, we investigated that LCM may have anti-
inflammatory effects on kidney tissue. In our study, we 
used LPS to induce acute kidney injury and prophylactic 
LCM treatment improved TNF-α, IL-1β, CRP, HSP70 and 
MDA expressions caused by LPS.

CONCLUSION

In conclusion, it should be noted that this is the first 
study demonstrating anti-inflammatory and antioxidant 
effects of lacosamide pretreatment on LPS-induced 
acute kidney injury in rats. LCM showed favorable effects 
on acute kidney injury by decreasing MDA levels and 
increasing SOD and CAT enzyme activities. In addition, 
LCM decreased TNF-α, IL-1, CRP, and HSP70 expressions 
in LPS-induced acute kidney injury in rats. Overall, 
on the basis of the data presented here, LCM may be 
useful not only as an anti-epileptic, but also in the case 
of sepsis occurring in acute kidney injury. However, in 
vitro studies in futures would help to describe the effect 
of lacosamide on immune cells and tubule cells. Also, 
It is important to study the efficacy of LCM in different 
populations.
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