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| Abstract: Spine injury associated with traumatic spinal cord injury eventuates in oxidative stress, inflammation and neuronal apoptosis. The
aim of this study is to find out whether the glycyrrhizic acid treatment protects spinal cord from traumatic injuries in rats. To this end, the rats
were divided into three groups: group I; control group (no drug or operation, n=8), group II; traumatic spinal cord injury group (TSCIL, n=8) and
group III; glycyrrhizic acid group (TSCI-GA, 80 mg/kg, n=8). Total laminectomy was performed at T10 level. A balloon angioplasty catheter
was inserted into the T9 level thoracic spinal cord extradurally. The rats were evaluated with the Tarlov Scale. After 24 hours, spinal cord tissues
were taken for biochemical and histopathological examinations. TSCI effectuates unwanted results on tissues, antioxidant systems and cell mem-
branes. Antioxidant enzyme level decreased and lipid peroxidation increased. However, TSCI led to inflammation and apoptosis. Glycyrrhizic
acid treatment provided a significant decrease in lipid peroxidation in group III in comparison with group II. Moreover, nuclear respiratory factor
1 levels and superoxide dismutase activity of group III were significantly higher than group II (p<0.05). The histopathological and immuno-
histochemical results revealed that the numbers of apoptotic and necrotic neuron, edema, hemorrhage, inflammatory cells, NF-«xB and S100B
expressions were significantly lower than group II (p<0.05). Our study showed that the glycyrrhizic acid treatment reduced oxidative stress and

inflammation, and promoted the neuronal functions in traumatic spinal cord injury.
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Introduction

Spinal cord injury affects the lives of both patients
and their relatives. Not only voluntary motor, sensory,
neurological and sexual function but also respiratory,
gastrointestinal and cardiovascular systems of patients
are affected by the location of the damage (1). A pri-
mary and a secondary mechanism play a role in spinal
cord injury. While the primary injury occurs due to di-
rect tissue trauma, the secondary results from bleeding
and edema caused by vascular structure damage. Pri-
marily the ischemia occurs in tissue and then the reper-
fusion injury is observed in the following days (2). The
main objective of the treatment is to reduce edema and
ischemia. For this purpose, steroids are widely used (3).
Many drugs have been tried to eliminate post-ischemic
reperfusion injury.

There is evidence that antioxidant polyphenols re-
duce cardiovascular disease and cancer risks thanks to
their oxidative stress reducing properties. Therefore,
they are typically described as chemopreventive agents
(4). Owing to the discovery of the biological activities of
these compounds in recent years, studies on flavonoids
have become increasingly important (5). Glycyrrhizic
acid (GA) isolated from Glycyrrhiza glabra (Licorice)
root is a compound that has a flavonoid structure. Since
the 4™ century BC, licorice and its extracts have been
used both for medical and culinary purposes. The root
of the licorice plant known as ‘sweet root’ contains GA
compound which is 50 times sweeter than common sugar
(6). Salts of GA are widely used as flavor and sweetener
in desserts, medicines, foods, chewing gums, chewing
tobacco and toothpaste (7). High doses of GA have been
shown to induce hypertension (8). However, various

pharmacological effects of GA have been reported such
as anti-inflammatory (9, 10), neuroprotective (11), anti-
viral (4), anti-allergic (12), anti-tumor (13), antioxidants
(14) and hepatoprotective activity (15).

The aim of this study is to evaluate the effect of glyc-
yrrhizic acid treatment on biochemical and histopatho-
logical changes in damaged spinal cord. The synthetic
production of glycyrrhizic acid which has a wide range
of uses is not currently performed; hence, plants which
contain the GA compounds are the only source. The use
of high dose of steroids is still a common practice to
reduce the secondary damage in SCI. However, using
glycyrrhizic acid instead of steroids with severe side ef-
fects would be useful to human health.

Materials and Methods

Animals and experimental design

Twenty four male Sprague-Dawley rats, weighing
250-300 g were obtained from Canakkale Onsekiz
Mart University Experimental Research Center (CO-
MUDAM) and ethical permission was granted by Ca-
nakkale Onsekiz Mart University Animal Experiment
Local Ethics Committee (protocol number: 2014/13-
7). The animals were allowed to access water and food
ad libitum, before and after surgical procedure. 12-h
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darkness and 12-h light environment was provided with
photoperiodic white fluorescent light. For appropriate
conditions the temperature and humidity were adjusted
2441°C and 55-60%, respectively. Rats were randomly
divided into three groups and each groups consist eight
rats. Group I: Sham operated group, drugs and presurgi-
cal procedures were not implemented to rats. Group II:
Traumatic spinal cord injury group, spinal cord injury
was administered for 5 minutes then rats were sacrificed
after 24 hours reperfusion. Group III: Glycyrrhizic acid
treatment group, spinal cord injury was applied for 5
minutes, then glycyrrhizic acid (single dose of 80 mg/kg
body weight, intraperitoneal) was administered to rats.
Rats were sacrificed after 24 hours reperfusion. All ani-
mal experiment methods for biomedical research were
performed according to the international guiding prin-
ciples recommended by WHO.

Dosage

The dosage was determined as 80 mg/kg body
weight based on preliminary studies with various doses
(10, 50, 75,100 mg) to reveal the biological effects of
glycyrrhizic acid (GA) (16, 17).

Surgical procedure

Spinal cord injury was carried out by the method
described by Aslan and his colleagues (18). Rats were
anesthetized by xylazine (5 mg/kg; Bayer, Istanbul,
Turkey) and ketamine hydrochloride (50 mg/kg; Parke
Davis, Istanbul, Turkey) with spontaneous breathing
room air. The rats were fixed in the prone position on
the operating table. The midline dorsal incision was
made under sterile conditions. Laminated and the trans-
verse processes between T6-L2 were seen through the
blunt dissection of the paravertebral muscles. An auto-
matic retractor was placed in the operatition field and
then, total laminectomy was performed at T10 level.
A balloon angioplasty catheter (Simpass-PS12510-T,
1.25x10 mm, Istanbul, Turkey) was inserted until T9 le-
vel thoracic spinal cord as sublaminar to the extradural
region. Blowing was slowly continued until it reaches
up to 2 atm and then the pressure was maintained at 2
atm for 5 minutes. After the balloon catheter withdrawn
carefully, paravertebral fascia and skin was sutured with
3/0 silk. The purpose of the application of balloon com-
pression model is to create partial spinal cord lesion.
After the trauma, SCI group rats were given 1 ml of
saline, immediately. A single-dose of glycyrrhizic acid
(80 mg/kg, i.p) was applied to GA group rats after SCI.
After the medical treatment, rats were housed in their
home cage for 24 hours and the neurological conditions
were followed according to the Tarlov scale (19). Spinal
cord tissue was removed at 24 hours with T8-T10 total
laminectomy by opening the same wounds of the rats.
Spinal cord of rats were divided into two equal parts and
the first half was placed in a -80°C refrigerator for bio-
chemical assays. The other half was stored in 4% for-
maldehyde solution for histopathological examination.
At the end of this procedure the rats were sacrificed by
deep anesthesia.

Histopathological examination
Hematoxylin & eosin and cresyl violet staining
All the samples were fixed in 10% neutral buffe-

red formalin and after dehydration in graded alcohols,
samples were embedded in paraffin. 5 micron sections
were obtained and mounted on normal and poly-L-ly-
sine-coated slides. Hematoxylin & eosin (H&E) and
Cresyl violet stainings were performed. For cresyl
violet staining the sections were deparaffinized, rehy-
drated and rinsed with distilled water and then stained
with 0.1 % cresyl violet for 8 minutes, following 95%
and absolute ethanol dehydration, slides were cleared
in xylene and mounted with entellan. Edema, hemor-
rhage and inflammatory cell migration were investiga-
ted for each group after H&E and cresyl violet stainings
and scored semiquantatively as follows: 0 = normal,
1= mild, 2 =moderate, and 3 =severe, respectively. At
the same time, apoptotic and necrotic motor neurons in
the gray matter were counted under 20x magnification.
Motor neuron demonstrating disruption of cell nucleus
and cytoplasm was accepted as a necrotic, neurons with
condensed and darkening cytoplasm were regarded as
apoptotic cells.

Immunohistochemistry of NF-kB and S100B

Sections taken to poly-L-lysine coated slides, firstly
deparaffinized and hydrated. Antigen retrieval was ap-
plied in microwave by heating in citrate buffer (pH=6.0)
for 25 min. 3% hydrogen peroxidase in methanol was
used for 13 min to eliminate endogenous peroxidase ac-
tivity. After blocking with Ultra V Block solution, wit-
hout washing, the sections were incubated with NF-kB
p65 (1:100 dilution, anti-NF-xB p65 antibody, sc109,
santa cruz biotechnology) and S100B (1:100, SH-B1,
MA1-25004, Thermo Scientific) primary antibodies
at 4°C overnight. After several washes in Tris-buffe-
red saline (TBS) Tween 20, sections were incubated
with biotinylated secondary antibody (Anti-polyvalent
HRP, Labvision Corp, Fremont, CA) according to the
manufacturer’s protocol. Finally, sections were visua-
lized by AEC kit (Labvision Corp, Fremont, CA) for
the chromogen and then rinsed in distilled water and
counterstained with a Mayer’s hematoxylin for 1 min,
and mounted with water based mounting medium. All
the stained sections were examined under a microscope
(Eclipse E-600 Nikon, Japan) and NF-xB and S100B
positive stained cells were counted in the gray matter
of the section and captured under 20x with an image
analysis system (NIS Elements Nikon, Japan). The data
were statistically analyzed.

Statistical analysis

Measurement data are expressed as the mean + SD
and analyzed using SPSS 21.0 software. p value <0.05
was considered statistically significant. Kruskal Wal-
lis test was used to analyze the apoptotic, necrotic and
immunostaining differences between the groups. Iman
Conover test was used for pairwise comparisons. For
edema, hemorrhage, inflammatory cell migration Chi
Square Test was applied.

Biochemical investigations of spinal cord tissues

Rat tissues kept at -80°C were homogenized in a sui-
table buffer required by each methods. Each obtained
supernatant was used for biochemical investigations of
malondialdehyde (MDA), nuclear respiratory factory-1
(NRFT1) levels and superoxide dismutase (SOD) activi-
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ty. Measurements were realized in duplicate with highly
sensitive ELISA spectrophotometry, respectively. The
protein concentrations were determined by the Brad-
ford method using Bradford reagent (Sigma Aldrich,
Bradford reagent-B6916-1KT, USA). All the data was
defined as the mean + standard deviation (SD) results
based on per mg of protein.

Nuclear respiratory factor-1 (NRF1) assay principles

Rat nuclear respiratory factor 1 (NRF1) ELISA kit
(Hangzhou Eastbiopharm CO., LTD., China) was used
to assay NRF1 on the basis of the Biotin double anti-
body sandwich technology. Absorbances of each well
were measured under 450 nm wavelength. The results
were expressed as ng/ml NRF1 per milligram protein
(ng.ml!.mg protein™).

Superoxide dismutase (SOD) activity assay prin-
ciples

Tissue SOD activity was measured with SOD assay
kit (Sigma-Aldrich-19160-St. Louis, MO, USA) using
highly sensitive ELISA spectrophotometry. The 1C50
(50% inhibition activity of SOD) values was deter-
mined by this colometric method under 450 nm. The
results were expressed as U/ml SOD per milligram pro-
tein (U.ml'.mg protein™).

Lipid peroxidation (MDA) assay principles

Lipid peroxidation is determined by the reaction of ma-
londialdehyde (MDA) with thiobarbituric acid (TBA)
to form a colorimetric (532 nm) product, proportional
to the MDA present. Lipid peroxidation (MDA) assay
kit (Sigma-Aldrich-MAKO085- St. Louis, MO, USA)

was used for determining MDA levels. The results were
expressed as nmole/ml MDA per milligram protein
(nmole.ml'.mg protein™).

Statistical Analysis

Results were subjected to one-way analysis of va-
riance (ANOVA) using SPSS 21.0 software (SPSS Inc.,
USA). Differences among the groups were obtained
using Tukey's test option. Statistical signficance was
accepted as p<0.05. All data was expressed as mean =+
standard deviation (SD) in each group.

Results

H&E and cresyl violet stainings results

According to the H&E and cresyl violet stainings
neuronal and vascular structures were assessed in nor-
mal morphology in the control group (Figure 1A-2A).
In injury group, widespread hemorrhage and genera-
lized edema in gray matter were observed and increase
in infiltrative cell migration were prominent (Figure
1B). In addition to; apoptotic and necrotic cells were
profoundly observed (Figure 2B) in the gray matter.
Cord damage and tissue loss expecially were observed
over the dorsal and lateral sides of the spinal cord. Cavi-
tation areas were also observed. Glycyrrhizic acid treat-
ment partially protected neurons from the injury. The
number of necrotic and apoptotic was declined in the
glycyrrhizic acid group compared to injury group and
hemorrhage, edema and inflammatory cell migration
significantly lower than injury group (p<0.05) and cavi-
tation areas were present (Figure 1C-2C).

Figure 1. Representative sections of spinal cords in gray matter stained with H&E (X200, scale bar = 50 um). Normal neurons exhibited a fine
granular cytoplasm, while degenerated neurons were defined by the presence of cytoplasmic shrinkage with a diffuse cytoplasm. (A) Control
group: showing normal parenchyme and viable neurons (B) Injury group: showing hemorrhage (asterisk) and apoptotic neurons with shrunken
cytoplasm and darkly stained of cytoplasm (arrows) and cavitation areas (hollow arrows) in the gray matter. (C) Glycyrrhizic acid group showing

less hemorrhage and motor neurons less affected than ischemic injury (arrows).

Figure 2. Representative cresyl violet stained sections from the experimental groups (X200, scale bar = 50 pm). (A) In the control group, motor
neurons showed regular nuclei lightly stained, and Nissl bodies in the cytoplasm. (B) In the injury group, necrotic cells consistent with the sur-
rounding tissue infarcts are prominent (hollow arrows) and filled arrows indicate increased number of inflammatory cells. (C) Glycyrrhizic acid

group showed less infarct area and neurons affected from injury (hollow arrows).
N
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Figure 3. Representative images of NF-kB immunostaining 1n the experimental groups (X20U, scale bar = 50 um). Arrows refer to NF-kB posi-
vity (A) In the control group, neurons showed few NF-kB staining. (B) In the injury group, significantly increased number of NF-xB posivity
were observed in neurons compared to controls. (C) NF-kB posivity were visible in some neurons in the glycyrrhizic acid group but the number
of NF-kB positive cells was lower than that in the injury group.

b

Figure 4. Representative images of S100B immunostaining in the experimental groups (X200, scale bar = 50 pm). (A) No positivity were obser-
ved in the control group. (B) Injury group revealed increased S100B positivity in apoptotic and necrotic motor neurons (C) Glycyrrhizic acid

group revealed less S100B immunopositivity than injury group.

Table 1. Histopathological evaluation of the stainings belong to experimental groups. The values are presented as mean+SD. In
each line, the difference between the means with the same letters are significant (p<0.05) (for edema, hemorrhage, inflamma-
tory cell migration Chi Square Test, for the others Iman Conover Test were applied).

Groups
Control SC Injury Glycyrrhizic acid
Apoptotic neuron number 0.50+0.75 »° 27.50+3.33 ¢ 19.63+4.06°
Necrotic neuron number 0.00+0.00° 17.25+6.22° 14.38+3.15°
Edema 0.13+0.352° 2.75+0.46 ¢ 2.25+0.46 ¢
Hemorrhage 0.00+0.00** 2.88+0.354¢ 2.38+0.51b¢
Inflammatory cell migration 0.00+0.002° 2.75+0.46 ¢ 2.13£0.35b¢
NF-xB Expression 2.75+1.03=° 50.75+9.49° 45.00+7.32°
S100B Expression 1.88+£2.102° 51.25+6.22* 41.88+11.63"

NF-kB and S100B immunohistochemistry

By NF-kB and S100B immunostainings, rare posi-
tive cells were observed in the control group (Figure
3A-4A, respectively). NF-xB (Figure 3B) and S100B
(Figure 4B) expressions were increased in the neurons
after injury and statistically significant compared with
the controls. NF-kB (Figure 3C) and S100B (Figure 3D)
positivity in neurons were observed diminished in the
glycyrrhizic acid group compared with the injury group
but this decrease was not statistically significant (Figure
30) (p>0.05).

Biochemical results

The mean and standard deviation values of NRF1,
SOD and MDA in each group were given in Table 4 and
Figure 5. NRF1 levels of injury group were found to be
lower compared to the other groups and this was sta-
tistically significant (p<0.05). There was a significant
difference between glycyrrhizic acid group and injury

group (p<0.05). It was seen that NRF 1 levels of gly-
cyrrhizic acid group almost reached the control group’s
(Figure 5A). SOD activities of glycyrrhizic acid group
were significantly different compared to the injury
group (p<0.05) (Figure 5B). There was no statictically
difference between glycyrrhizic acid and control groups
(p > 0.05) but it was quite significant. MDA levels of
injury group were found to be significantly higher than
other groups and glycyrrhizic acid group was statisti-
cally significant compared to injury and control group
(»<0.05) (Figure 5C).

Discussion

A hydroxyl group bonded directly to an aromatic hy-
drocarbon group (-OH) causes the structure to have an
antioxidant property. Polyphenolic compounds contain-
ing multiple hydroxyl groups in their structures have
been suggested to scavenge reactive oxygen species

5
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Table 2. P values of pairwise comparisons between the groups (I : control group, II : Traumatic spinal cord injury group, III : Glycyrrhizic acid

group).
Groups  Apoptotic neuron number Necrotic neuron number Edema  Hemorrhage Inflammatory cell migration
I-1I 0.000 0.000 0.001 0.000 0.000
I-11T 0.015 0.001 0.001 0.000 0.000
TI-111 0.051 0.564 0.046 0.039 0.012

Table 3. P values of pairwise comparisons between the groups (I :

control group, II : Traumatic spinal cord injury, III : Glycyrrhizic

acid group).
Groups NF-xB Expression S100B Expression
I-II 0.000 0.000
I-111 0.002 0.005
11-111 0.479 0.215
A
NRF1
UControl ETSCT ETSCIHGA
12,00 - :
g 10,00 3 I .
f 8004 i —
2 600 ]
o400 ]
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Figure 5. The effects of Glycyrrhizic acid on changes in spinal cord
tissue's nuclear respiratory factor-1 (NRF1) levels (A), the effects
of Glycyrrhizic acid on changes in spinal cord tissue's enzyme acti-
vities of superoxide dismutase (SOD) (B) and the effects of Gly-
cyrrhizic acid on changes in spinal cord tissue's malondialdehyde
(MDA) levels (C) were shown, respectively. In all methods, Gly-
cyrrhizic acid groups were significantly different compared to the
control and injury groups (p < 0.05).

(ROS) because of their antioxidative functions (20).
ROS caused by oxidative stress plays an important
role in the pathogenesis of traumatic SCI as in many
diseases (21, 22). The amount of superoxide, hydroxyl
and hydrogen peroxide radicals rapidly increase af-
ter trauma (23, 24). The present study emphasizes the
role of glycyrrhizic acid in remedying oxidative stress
and inflammation on traumatic spinal cord injury. We
biochemically and histopathologically observed an im-
portant increase in oxidative stress resulting from ROS
during SCI. It is known that the NF-«kB activation in-
creases in spinal cord injury and is an important indi-
cator in major neurodegenerative diseases. NF-kB is a
kind of transcription factor and regulates pro-inflamma-
tory cytokine expression (25, 26, 27). Inflammatory cy-
tokine expression increases with traumatic spinal cord
injury (28). In this study, decreasing inflammatory cell
migration in glycyrrhizic acid group according to SCI
group provides evidence for anti-inflammatory effect
of glycyrrhizic acid (Table 1, Figure 1). We showed
the anti-inflammatory effect of glycyrrhizic acid which
has a down regulating NF-kB function (Table 1, Figure
3) (29). High levels of ROS can lead to lipid peroxida-
tion, oxidative chain reactions, and damage to cellular
macromolecules resulting in death of host neurons and
glia (30). Glycyrrhizic acid group exhibited less edema
and hemorrhage than SCI group did, and further mo-
tor neurons were less affected in the former (Table 1,
Figure 1 and Figure 2). The neuroprotective effect of
glycyrrhizin and its derivatives has been reported in pre-
vious studies (31, 32, 33). High levels of ROS like those
found in the injured spinal cord may lead to cell death
(26). It was seen that the cell death of glycyrrhizic acid
treated SCI rats decreased in comparison with the spi-
nal cord injury group (Table 1, Figure 2). In the present
findings, reduction in apoptotic and necrotic neurons of
glycyrrhizic acid treatment hints the inhibitory effect of
glycyrrhizic acid on neutrophil infiltration and it may
prove beneficial against SCl-induced oxidative stress
due to its protective effect.

S100B is an important peripheral biomarker of
blood-barrier permeability secreted by astrocytes or can
spill from injured cells. Neuropathological conditions
including traumatic head injury or neurodegenerative
diseases are characterized by elevated S100B levels
(34). We found that S100B expression level was higher

Table 4. The activity of superoxide dismutase (SOD), levels of malondialdehyde (MDA) and nuclear respiratory factor-1 (NRF1) of rat

spinal cord tissues.

Groups NRF1 SOD MDA
(ng.ml'.mg protein™) (U.ml".mg protein™) (nmole.ml'.mg protein™)
Control 9.79+£0.93" 8.38+0.56 " 2.09+£0.52=
TSCI 0.90+0.22" 3.43+£0.69° 15.21£0.50°
TSCI + GA 7.14+£1.07" 733+£0.62" 9.90+£0.70 "

Note: TSCI; Traumatic spinal cord injury, GA; Glycyrrhizic acid. Means in the same column by the different letter are significantly dif-
ferent compared to each other according to the One-way ANOVA-Tukey's test. (p < 0.05). Data was expressed as mean + SD.
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in neurons in SCI group rats (p<0.05). However, glyc-
yrrhizic acid treatment group revealed less S100B im-
munopositivity than injury group (Table 1, Figure 4).

Studies have demonstrated that oxidative stress
markers increase during spinal cord injury. This exces-
sive production of reactive oxygen species damages cell
membranes. Membrane lipids undergoes peroxidation
and produce malondialdehyde (MDA) (35). Previous
studies have also demonstrated that MDA has signifi-
cantly increased in animals exposed to traumatic SCI
(18, 36). Neural tissues are quite sensitive after SCI and
easily affected by lipid peroxidation. In our study we
showed the effect of pre-treating glycyrrhizic acid on
MDA levels in SCI. There was a statistically significant
difference in MDA levels between glycyrrhizic acid and
SCI groups (p<0.05) (Table 4, Figure 5C). Superoxide
anion radical (O,") induces tissue damage with react-
ing biological macromolecules such as carbonhydrates,
proteins, enzymes, lipids or DNA by leading to the pro-
duction of other free radicals and it has been determined
to induce lipid peroxidation (37, 38). Superoxide dis-
mutase is responsible for transformation of superoxide
anion into H,O,. H,O, treatment constantly results in
the production of ROS. The resultant superoxide anion
radicals are eliminated by the enhanced SOD activity
for lessening H,O,-induced damage (39). We observed
a significant difference in SOD activities of glycyrrhi-
zic acid group compared to SCI group (p<0.05) (Figure
5B). Although we found that SOD activity was elevated
following glycyrrhizic acid treatment, glycyrrhizic acid
had a potent effect on enhancing SOD activity. There-
fore, the use of glycyrrhizic acid can be suggested to
protect from H,O_-induced oxidative stress.

Mechanisms underlying neuroprotection may in-
clude attenuation of pro-inflammatory reactions, brain
edema, blood-brain barrier damage, and cognitive and
behavioral deficits. NRF1, which helps neuroprotection,
is a transcription factor responsible for regulating mito-
chondrial biogenesis (40). In our previous studies we
have demonstrated that NRF1 levels of ischemia-reper-
fusion-induced spinal cord injury were quite lower than
in healthy rats (41, 42). Glycyrrhizic acid treatment was
also found to increase NRF1 level (Table 4, Figure SA).

In conclusion, our study demonstrated anti-inflam-
matory and anti-oxidative neuroprotection effects of
glycyrrhizic acid. Previous studies support our study,
but future studies can investigate dose-dependent glyc-
yrrhizic acid treatment results on long-term traumatic
spinal cord injury. We could suggest that dietary supple-
ment containing glycyrrhizic acid may be useful to pre-
vent SCI.
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