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Abstract: Colistin is used in treatment against gram-negative bacteria. It causes toxic effects due to
oxidative stress in a dose-dependent manner. Naringin is a flavonoid with strong antioxidant
properties found naturally in many plants, especially citrus fruits. This study aimed to determine
the protective effects of NRG in CLS-induced sciatic nerve injury. Thirty-five male Spraque rats
were randomly divided into five groups: control, NRG, CLS, CLS+NRG50, and CLS+NRG100. CLS
was administered orally at a 15mg/kg for seven days. NRG was administered orally at 50 or 100
mg/kg for seven days. CLS caused toxic damage in sciatic nerve tissue by increasing MDA and
decreasing antioxidant capacity (SOD, CAT, GPx, and GSH); increasing NF-kB, TNF-a, nNOS
release; increasing apoptotic factor (Caspase-3); decreasing HO-1 and nCAM; and inducing 8-
OHdG, MAPK and GFAP. NRG, on the other hand, reversed all these changes in sciatic nerve tissue
and reduced CLS-induced oxidative stress damage, inflammatory damage and apoptotic damage.
These effects were more effective at the 100mg/kg dose of NRG than at the 50mg/kg dose. In sciatic
nerve tissue, CLS-induced sciatic nerve toxicity with increased oxidative stress, inflammation, and
apoptotic damage. NRG showed a protective effect against CLS-induced sciatic nerve toxicity.
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1. Introduction

Colistin (Polymyxin E, CLS) is an antibiotic drug used in the treatment of infections caused by
gram-negative bacteria such as Escherichia coli since the 1960s [1]. When CLS acts on bacteria, it
interacts with anionic lipopolysaccharides in the bacterial membrane, translocates calcium and
magnesium, and neutralizes the bacteria [2]. The use of CLS also produces toxic effects. Among these
toxic effects, two important side effects such as neurotoxicity and nephrotoxicity lead to dose
limitation or discontinuation of treatment [3]. In previous studies in mice, CLS (15mg/kg, 7 days, i.p.)
was reported to cause damage to brain and sciatic nerve tissues [4,5]. In studies of CLS, there is
increasing evidence that oxidative stress and mitochondrial damage underlie the mechanism of
neurotoxicity [6].

Compounds found naturally in plants, which stand out with their antioxidant properties, protect
tissues in the body against damage [7]. Flavonoids are ingredients that are taken daily in the diet and
are of interest in research due to their key effects such as anti-oxidant and anti-inflammatory [8].

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Naringin (NRG) is a flavanone glycoside derived from the flavanone of naringenin. It occurs
naturally in many plants, especially citrus fruits [9]. NRG have gained importance in traditional
medicine due to their non-addictive and non-toxic nature [10]. Studies have reported that NRG
exhibits antioxidant properties by increasing the activities of antioxidants in different tissues. In
addition, NRG is also protective against nitrosative stress by inhibiting the activity of nitric oxide
synthase enzyme (eNOS) and removing nitric oxide-derived free radicals [11]. It has also been found
to have antioxidant and anti-inflammatory effects in studies on neurodegenerative disorders [12].
The amount of NRG in grapefruit averages 17 mg/100 g of edible fruit. However, studies have
reported that taking NRG in the amount of 400 mg/day increases antioxidant capacity in the body
[13].

The aim of this study was to investigate the effects of CLS on oxidative stress, inflammatory and
apoptotic damage pathways in rat sciatic nerve tissues and the protective properties of NRG against
these effects of CLS.

2. Results

2.1. Oxidant and Antioxidant Status Findings

It was found that SOD, CAT and GPx were inhibited and antioxidant activity decreased by
decreasing GSH in CLS compared to the control (p<0.05). In addition, lipid peroxidation was
manifested by an increase in MDA (p<0.05). Antioxidant enzyme activities and GSH increased and
MDA decreased in CLS+NRG50 and CLS+NRG-100 compared to CLS (p<0.05). NRG showed more
pronounced effects at a dose of 100mg/kg (p<0.05). (Figure 1).
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Figure 1. Effects of CLS and NRG administrations on oxidant and antioxidant markers in sciatic nerve
tissues of rats. Values are given as mean * SE. Different letters indicate statistical difference: *p<0.05.

2.2. Inflammation Markers findings

Inflammation-related NF-«kB, TNF-a, and nNOS in sciatic nerve tissues were analyzed by ELISA.
There was a increase in NF-kB, TNF-a, and nNOS in the CLS compared to the control (p<0.05).
CLS+NRG50 and CLS+NRG100 showed a decrease in all these parameters compared to CLS (p<0.05).
When different doses of NRG were compared, 100 mg/kg was found to be more effective (p<0.05)

(Figure 2).
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Figure 2. Effects of CLS and NRG administrations on NF-kB, TNF-a, and nNOS levels in sciatic nerve
tissues of rats. Values are given as mean * SE. Different letters indicate statistical difference: *p<0.05.

2.3. Findings of HO-1 and 8-OHdG Levels

Compared to the control, HO-1 level decreased in the CLS, while 8-OHdG level increased
(p<0.05). With NRG administration, this situation was reversed in CLS+NRG50 and CLS+NRG100
compared to CLS (p<0.05). When different doses of NRG were compared, 100 mg/kg was found to be
more effective (p<0.05) (Figure 3).
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Figure 3. Effects of CLS and NRG administrations on HO-1 and 8-OHdG levels in sciatic nerve tissues
of rats. Values are given as mean =+ SE. Different letters indicate statistical difference: *p<0.05.

2.4. Findings of MAPK14, nCAM and GFAP Levels

In CLS, nCAM was inhibited and MAPK and GFAP were increased compared to control
(p<0.05). In CLS+NRG50 and CLS+NRG100, nCAM levels increased and MAPK and GFAP levels
decreased compared to CLS (p<0.05). NRG showed more pronounced effects at 100mg/kg dose
(p<0.05) (Figure 4).
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Figure 4. Effects of CLS and NRG administrations on MAPK, nCAM and GFAP levels in sciatic nerve
tissues of rats. Values are given as mean + SE. Different letters indicate statistical difference: *p<0.05.

2.5. Apoptotic Markers Findings

In CLS group, there was an increase in Caspase-3 (p<0.05). In CLS+NRG50 and CLS+NRG100
groups, the change in Caspase-3 was reversed (p<0.05). NRG showed more pronounced effects at a
dose of 100mg/kg (Figure 5).
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Figure 5. Effects of CLS and NRG administrations on Caspase-3 levels in sciatic nerve tissues of rats.

3. Discussion

CLSis a drug used to treat drug-resistant gram-negative bacteria but has a dose-dependent toxic
effect. It is hypothesized that oxidative stress plays a role in its toxic effects on tissues [14]. There are
many antioxidants that reduce oxidative stress by inhibiting ROS production [15]. Flavonoids are
naturally occurring compounds found in many plants such as fruits, vegetables, cereals, teas, etc. and
have numerous biological effects, including neuroprotective effects [16]. NRG is an active flavanone
glycoside found in plants, especially in citrus group plants, and stands out with its antioxidant
properties [17]. Therefore, in the present study, the effects of NRG on CLS-induced sciatic nerve tissue
toxicity in rats were investigated.
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While the balance disrupted as a result of ROS increase causes oxidative stress to damage tissues,
antioxidant defense systems protect tissues against this damage [18]. MDA, an indicator of lipid
peroxidation, occurs as a result of peroxidation of fatty acids containing three or more double bonds
and affects ion exchange across cell membranes [19,20]. Antioxidant enzymes SOD, CAT and GPx
are the first line of defense against oxidative stress damage caused by ROS [21]. Another line of
defense, GSH, is a tripeptide that acts as the main redox buffer in the cell in oxidative stress damage
[22]. In this study, CLS increased oxidative stress by increasing MDA levels and decreasing SOD,
CAT and GPx activity and GSH levels in sciatic nerve tissues. NRG administration, on the other hand,
increased antioxidant activity by decreasing CLS-induced increased MDA levels and increasing
antioxidant enzyme activities and GSH levels. This antioxidant activity was stronger, especially at a
100 mg/kg dose.

If oxidative stress is prolonged, inflammation also occurs [23]. During inflammation, NF-kB is
the first transcription factor to be induced in tissues and accelerates the inflammatory process by
stimulating pro-inflammatory cytokines such as TNF-a [24]. The triggering of NO production due to
alterations in NOS isoforms activates pathological processes such as shock and pain associated with
neurotoxicity. nNOS is one of the 3 isoforms of NOS [13]. In the current study, CLS caused
inflammatory damage in sciatic nerve tissues by increasing NF-xB, TNF-a and nNOS. NRG
administration, on the other hand, reduced CLS-induced inflammatory damage by reducing NF-kB,
TNF-a and nNOS. NRG could emerge as an effective therapeutic agent in sciatic nerve tissue toxicity
caused by inflammation due to CLS exposure.

MAPK14 is an important member of the MAPK family that is stimulated in cells as a result of
increased ROS [13]. MAPK14 induces IkB to become phophorylated and subsequently causes IkB
dissociation from NF-kB [25]. nCAM is a glycoprotein released in the central nervous system and is
involved in cell-cell and cell-extracellular matrix interactions [26]. GFAP is an intermediate filament
protein located in glial cells (astrocytes, ependymal cells, etc.). GFAP increases with the occurrence
of damage and toxic conditions in neuronal cells [27]. In the present study, CLS increased MAPK14
and GFAP levels, while decreasing nCAM levels. NRG administration reversed this situation,
decreased MAPK14 and GFAP levels and provided support to the n"CAM activity.

8-OHdG is one of the indicators of oxidative DNA damage caused by increased free radicals
[28]. HO-1 activity has been shown to regulate key cellular activities such as inflammation and
apoptosis [29]. HO-1 plays an active role in cellular defense against cellular damage and shows
protective properties, especially by preventing ROS-induced damage [13]. In this study, CLS
increased the level of 8-OHdG, an indicator of oxidative DNA damage, and decreased the level of
protective HO-1 in sciatic nerve tissues. NRG administration reversed this situation, decreased DNA
damage and provided support to the defense system.

Intracellular increase in ROS may trigger cellular aging and apoptosis by damaging
macromolecules [27]. Apoptosis (programmed cell death) is an essential physiological process that
destroys and removes damaged or dangerous cells in the body. In healthy tissue cells, cellular stress
or injury is required to trigger apoptosis [30]. The increase of oxygen radicals negatively affects
cellular activities related to intracellular signaling, such as the apoptotic pathway [31]. While caspase
family members are inactive in normal healthy cells, they are activated when the death signal arrives.
Caspase-3, the most important caspase, is also known as executioner caspase and is pro-apoptotic
[32]. In the this study, levels of Caspase-3, which is an apoptotic factor, increased with CLS exposure
in sciatic nerve tissues. When NRG was administered together with CLS, the opposite effect was
observed and NRG exhibited antiapoptotic properties. Therefore, NRG may be an effective agent
against apoptosis in CLS-induced sciatic nerve tissue toxicity.
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4. Materials and Methods

4.1. Chemicals

CLS was purchased from Kogak Pharmaceuticals (Colimycin, 150 mg/flakon, Istanbul/Tiirkiye).
NRG and all other chemicals (analytical purities) were obtained from Sigma Chemical Co. (St. Louis,
USA).

Experimental Procedure

Thirty-five male rats (Sprague dawley, 220-250g, 10-12 weeks) obtained from Atatiirk University
Experimental Animal Center (Erzurum, Tiirkiye) were used in the experiments. Rats were housed
under standard laboratory conditions (12-h light and dark cycle, ventilation, 23+2°C, standard cage).
Unlimited access to food and drinking water was provided. Rats were randomly divided into 5
groups (n=7). CLS and NRG doses were determined from the literature [3,33].

1- Control (CNT): Saline was given orally and intraperitoneally (i.p.) for seven days

2- Naringin (NRG): NRG was given orally at a dose of 100 mg/kg once daily for 7 days.

3- Colistin (CLS): CLS was given intraperitoneally (i.p.) at a dose of 15 mg/kg once daily for
7 days.

4- Colistin+Naringin 50 (CLS+NRG50): For 7 days, CLS was given i.p. at a dose of 15 mg/kg
followed by NRG 50 mg/kg orally.

5- Colistin+Naringin 100 (CLS+NRG100): For 7 days, CLS was given i.p. at a dose of 15
mg/kg followed by NRG 100 mg/kg orally.

4.2. Collection of samples

The sciatic nerve tissue was removed 24 hours after the last drug administration (day 8),
separated from the surrounding tissues, washed in physiologic saline solution and stored.

4.3. Lipid peroxidation analysis

To determine the level of malondialdehyde (MDA) in sciatic nerve tissues, 532 nm absorbance
was measured after reaction with thiobarbituric acid. For MDA analysis of sciatic nerve tissues,
homogenization was performed according to the previous method [34]. For the analysis of MDA
levels, the method in the literature was used [35].

4.4. Antioxidant analysis

Catalase (CAT), superoxide dismutase (SOD), glutathione peroxidase (GPx) activities and
glutathione (GSH) levels were analyzed to analyze the antioxidant status of sciatic nerve tissue. For
antioxidants markers analysis of sciatic nerve tissues, homogenization was performed according to
the previous method [7]. SOD [36], CAT [37], GPx [38], and GSH [39] were determined using the
literature. Lowry et al. method was used for protein analysis [40].

4.5. Analysis of Inflammatory Markers

Cytokine production in sciatic nerve tissue was determined by ELISA using commercial kits in
accordance with the procedure. Supernatants obtained from homogenates prepared with phosphate
buffer (pH 7.4, 0.1 M) were used in the analysis. Nuclear Factor kappa B (NF-«kB), Tumor necrosis
factor alpha (TNF-a), neuronal nitric oxide synthase (nNOS) levels were determined from sciatic
nerve tissue using a rat ELISA kit (NF-kB and TNF-a: Sunred, China; nNOS: YL Biont, China).

4.6. Analysis of MAPK14, nCAM and GFAP Levels

Mitogen-activated protein kinase 14 (MAPK14), neural cell adhesion molecule (nCAM), and
Glial fibrillary acidic protein (GFAP) in sciatic nerve tissue was determined by ELISA using
commercial kits in accordance with the procedure. Supernatants obtained from homogenates
prepared with phosphate buffer (pH 7.4, 0.1 M) were used in the analysis. MAPK14, nCAM, and
GFAP levels were determined from sciatic nerve tissue using a rat ELISA kit (Sunred, China).
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4.7. Analysis of HO-1 and 8—-OHdG Levels

Heme oxygenase-1 (HO-1), and 8-hydroxy-2'-deoxyguanosine (§~OHdG) in sciatic nerve tissue
was determined by ELISA using commercial kits in accordance with the procedure. Supernatants
obtained from homogenates prepared with phosphate buffer (pH 7.4, 0.1 M) were used in the
analysis. HO-1 and 8-OHdG levels were determined from sciatic nerve tissue using a rat ELISA kit
(Sunred, China).

4.8. Analysis of Apoptotic Marker

Supernatants obtained from homogenates prepared with phosphate buffer (pH 7.4, 0.1 M) were
used for apoptotic damage level analysis in sciatic nerve tissue. Caspase-3 levels were determined
from sciatic nerve tissue using a rat ELISA kit (YL Biont, China).

4.9. Statistical analysis

Statistical analysis of the data obtained from sciatic nerve tissues was performed with SPSS 20.0
(IBM, NY) program. One-way ANOVA and Tukey's post hoc tests were used for comparison between
groups. Data are presented as mean=SE. Statistical significance was accepted: p<0.05.

5. Conclusions

In conclusion, CLS caused toxic effects by increasing inflammation, oxidative stress, and
apoptotic damage levels in sciatic nerve tissue. On the other hand, NRG was found to reduce the
toxic effect by decreasing all these damages. It can be concluded that administration of NRG,
especially at the level of 100mg/kg, will be much more effective in preventing sciatic nerve tissue
damage in terms of all these pathways and improving the quality of life of the patient.
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