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Glycyrrhizin attenuates rat ischemic spinal cord
injury by suppressing inflammatory cytokines and

HMGB1
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Aim: To investigate the neuroprotective effect of glycyrrhizin (Gly) against the ischemic injury of rat spinal cord and the possible role of
the nuclear protein high-mobility group box 1 (HMGB1) in the process.

Methods: Male Sprague-Dawley rats were subjected to 45 min aortic occlusion to induce transient lumbar spinal cord ischemia.

The motor functions of the animals were assessed according to the modified Tarlov scale. The animals were sacrificed 72 h after
reperfusion and the lumbar spinal cord segment (L2-L4) was taken out for histopathological examination and Western blotting
analysis. Serum inflammatory cytokine and HMGB1 levels were analyzed using ELISA.

Results: Gly (6 mg/kg) administered intravenously 30 min before inducing the transient lumbar spinal cord ischemia significantly
improved the hind-limb motor function scores, and reduced the number of apoptotic neurons, which was accompanied by reduced
levels of tumor necrosis factor-a (TNF-a), interleukin-1 (IL-18) and interleukin-6 (IL-6) in the plasma and injured spinal cord. Moreover,
the serum HMGB1 level correlated well with the serum TNF-q, IL-13 and IL-6 levels during the time period of reperfusion.

Conclusion: The results suggest that Gly can attenuate the transient spinal cord ischemic injury in rats via reducing inflammatory

cytokines and inhibiting the release of HMGB1.
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Introduction

Ischemic spinal cord injury (ISCI) is a serious complication that
can result from thoracoabdominal aortic surgery and can cause
paraplegia in 2% to 18% of patients'™*. In a recent report,
only 5% of 127 patients who underwent clamp/sew surgery
developed paraplegia™; paraplegia caused by ISCI remains
a problem that should be solved. Multiple studies have sug-
gested that calcium overload, inflammatory processes, free
radical production, platelet aggregation, neutrophil accumula-
tion and adhesion following ischemia might contribute to the
neuronal damage that was observed in patients with ISCI®* .
However, the cellular and molecular mechanisms of ischemic
spinal cord injury are not fully understood. Tumor necrosis
factor-a (TNF-a), interleukin-1p (IL-1p) and interleukin-6
(IL-6) are key proinflammatory cytokines that play important
functions in the central nervous system during inflammatory
injury. Besides causing direct damage to cell membranes, free
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oxygen radicals activate the accumulation of neutrophils and
stimulate various types of cells to produce TNF-a and TL-1p!.
These cytokines further contribute to the production of other
cytokines and to the expression of endothelial leukocyte adhe-
sion factor-1, ultimately leading to endothelial cell damage
and spinal cord ischemia” . Recent studies have shown that
the high-mobility group box 1 (HMGB1) protein, an abundant
nuclear protein that acts as an architectural chromatin binding
factor, can be passively released by necrotic or damaged cells
and serves as a signaling molecule that is involved in acute
and chronic inflammation” '’ A wealth of evidence indicates
that HMGBI is massively released during the excitotoxicity-
induced, acute damaging process in the post-ischemic brain,
where it triggers inflammatory processes, and suggests that
HMGBI acts as a novel mediator that links excitotoxicity-
induced acute damage and subsequent inflammatory pro-
cesses in the post-ischemic brain™".

Along these lines, we have recently recognized glycyrrhizin
(Gly), a natural triterpene glycoconjugate that is derived
from the root of licorice (Glycyrrhiza glabra), as an additional
HMGBI inhibitor. Gly binds directly to both HMG boxes in
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HMGB]1, thereby inhibiting its chemoattractant functions in
04151 Of note, Gly is a
natural compound that is commonly used in Japan to treat

fibroblasts and smooth muscle cells

patients with chronic hepatitis"®; however, no study has been
designed to examine its use in preventing ISCL

The current study was designed to investigate the protective
efficacy and dose-response relationship of Gly against the neu-
rologic and histopathological outcomes of spinal cord ischemia
and reperfusion injury that are related to aortic occlusion in
rats, and to determine whether HMGBI plays a pathogenetic
role in ischemic spinal cord injury. First, we injected ischemic
rats with either glycyrrhizin or a placebo. Second, we moni-
tored the concentration of HMGB1, TNF-a, IL-1p, and IL-6
in the plasma of the rats. Third, we detected the expression
of HMGBI and cell death within the ischemic spinal cords of
those rats.

Materials and methods
Animals and groups
Male Sprague-Dawley rats weighing 300-350 g were obtained
from the Experimental Animal Center of Sichuan University
(Chengdu, China) and were allowed free access to laboratory
chow and tap water in day-night regulated quarters at 25°C.
Rats were randomized into the following three experimental
groups, each consisting of 15 animals: (i) ISCI rats that were
pretreated with saline (NS group); (ii) ISCI rats that were
pretreated with Gly (Minophagen Pharmaceutical Co, Tokyo,
Japan) at a dose of 6 mg/kg (Gly group); and (iii) healthy, con-
trol, sham-operated rats (Sham group). In the pretreatment
groups, glycyrrhizin or saline was administered intravenously
via the tail vein 30 min before the induction of ischemia/rep-
erfusion (I/R) ISCIL.

Experimental I/R spinal cord injury

The detailed surgical method for transient lumbar spinal cord
ischemia has been described previously!”
initially anesthetized with intramuscular ketamine (50 mg/kg)

. Briefly, rats were

and then by a half dose of ketamine, as required for the proce-
dure. During the surgery, body temperature was monitored
using a rectal probe and was maintained at 35.5-37.5°C with a
heat lamp. During the procedure, an intravenous catheter was
placed into the tail vein, and 0.9% NaCl was infused. Cefa-
zolin was injected intravenously at a single dose of 10 mg/kg
immediately before the surgery to prevent infection. To
monitor proximal and distal aortal blood pressures, catheters
were surgically placed into the left common carotid artery
and the left femoral artery, respectively. The abdominal aorta
was accessed through a midline laparotomy, and animals in
the sham group were subjected to laparotomy without aortic
occlusion. For the other groups, animals were subjected to 45
min of cross clamping, where vascular clamps were placed
under the left renal vein and above the bifurcation in the aorta.
Each rat received 150 IU/kg of heparin before aortic occlu-
sion, the aortic clamps were removed after 45 min, and the
abdomen was closed appropriately. Animals were allowed to
recover in a plastic box at 28°C for 3 h and were subsequently
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placed in their cages with free access to food and water. The
Crede maneuver was used twice daily to empty the urinary
bladders of paraplegic animals. Animals that never recovered
completely from the surgery and died within 24 h after reper-
fusion were excluded from the analyses.

Serum detection

Blood samples (0.4 mL) were collected from the femoral vein
atOh,0.5h,2h,6h,12h, 24 h, 48 h, and 72 h after reperfusion.
Serum was isolated from the blood after centrifugation at 1500
r/min for 15 min and was frozen at -80 °C until enzyme-linked
immunosorbent assay (ELISA) analyses were performed.
HMGBI1 concentrations and the levels of inflammatory media-
tors (TNF-a, IL-1p, and IL-6) in the serum samples were quan-
tified using specific ELISA kits for rats according to the manu-
facturers” instructions (Biosource International Inc, Camarillo,
CA, USA).

Neurological assessment

The motor functions of the rats were assessed at 24 h, 48 h, and
72 h after the procedure using the following modified Tarlov
scale® " " 0, no voluntary movement (complete paraplegia);
1, perceptible movement at the joint; 2, good joint mobility but
unable to stand; 3, ability to stand but unable to walk; 4, weak
walking; 5, complete recovery.

Spinal cord HMGB1 contents

The lumbar enlargements of the spinal cords of rats that were
killed at the completion of behavioral testing were removed.
Five samples from every group were stored at -80°C until
Western blotting analyses were performed. Briefly, frozen
samples were mechanically lysed in a homogenization buffer
onice. The lysates were centrifuged at 12000 r/min for 20 min
at 4°C, and the protein concentrations were estimated using
a BCA protein assay kit (Jiancheng Bioengineering Institute,
Nanjing, China). Each sample was adjusted to a final total
protein concentration of 5 pg/uL in 4xsample buffer, heated
at 95°C for 10 min, and then stored at -20°C. Protein samples
(50 pg per lane) were loaded into a 12% SDS-PAGE gel and
run at 100 V for 120 min in running buffer. Proteins were
then transferred from the gel to a PVDF membrane at 250 mA
for 90 min using transfer buffer. The membrane was blocked
with 5% skimmed milk for 2 h at room temperature and
incubated overnight at 4°C with primary antibody directed
against HMGBI1 (Santa Cruz Biotechnology, Santa Cruz, CA,
USA) at a dilution of 1:500. Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) (diluted in 1:6000, Sigma-Aldrich
Inc, St Louis, MO, USA) was used as a loading control. After
6x10 min rinses with PBS/Tween, the membrane was incu-
bated in the appropriate HRP-conjugated secondary antibody
(diluted 1:1000 in PBST) for 2 h. The blotted protein bands
were visualized using enhanced chemiluminescence (ECL)
Western blotting detection reagents (Millipore, Billerica, MA,
USA), and the blots were exposed to X-ray film. Developed
films were digitized using an Epson Perfection 2480 scanner
(Seiko, Nagano, Japan), and optical densities were obtained



using Glyko Bandscan software (Glyko, Novato, CA, USA).
All experiments were repeated at least three times.

Histological examination

The remnant samples (n=10 for each group) were fixed in
10% formalin, embedded in paraffin and cut to a thickness of
6 pm, with a routine follow-up procedure. An observer who
was uninformed of the experimental conditions of the animals
recorded the data.

Coronal sections were stained with hematoxylin and eosin
(HE) for light microscopic examination. Changes in rat motor
neurons caused by ischemia were identified to be shrunken
cellular bodies, a disappearance of Nissl granules, an intensely
eosinophilic cytoplasm and triangular and pyknotic nuclei.
The remaining normal neurons in the ischemic ventral spinal
cord of each animal, as judged by their morphological appear-
ance, were counted in three sections that were selected ran-
domly from the rostral, middle, and caudal levels of the L4
segment and then averaged. The numbers of normal neurons
per section of the anterior spinal cords of the rats (anterior to
an imaginary line drawn through the central canal, which was
perpendicular to the vertical axis) were compared between
three groups.

TUNEL (terminal deoxynucleotidyl transferase dUTP nick-
end labeling) reactions were applied to identify cells with frag-
mented DNA according to the instruction manual of a com-
mercial TUNEL kit (Roche, Basel, Switzerland). Cell viability
was assessed by visual inspection of damaged cells that had
been stained with TUNEL, and data are presented as the num-
ber of TUNEL-positive cells from three sections of the same
animal.

Statistical analysis

All data, except neurologic scoring, were presented as the
mean+SEM (standard error of mean), which was calculated
using SPSS (Statistical Package for the Social Sciences) 12.0
software (SPSS Inc, Chicago, IL, USA). The Mann-Whitney
U-test was used to compare the behavior and activity score
among groups, and the concentrations of serum HMGB1
and inflammatory mediators were analyzed using two-way
repeated-measures (time and group) analysis of variance fol-
lowed by the post hoc Student-Newman-Keuls test. Correla-
tions between HMGBI levels and concentrations of inflam-
matory mediators were analyzed using Spearman’s rank cor-
relation test, and the number of normal neurons and TUNEL-
positive motor neurons in the anterior spinal cord were
analyzed using the Kruskal-Wallis test followed by the Mann-
Whitney U-test with the Bonferroni correction. The P<0.05
level of probability was used as the criteria for significance.

Results

Serum HMGB1 concentrations

As shown in Figure 1, the HMGBI serum concentrations in the
sham animals were unchanged during the period of the exper-
imental procedure. However, the concentrations of HMGB1
in the serum of the NS and Gly groups significantly increased
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Figure 1. Time course of serum HMGB1 concentrations. The serum
HMGB1 levels were significantly increased after spinal cord ischemia-
reperfusion compared with that of preischemia (P<0.05), whereas they
were significantly decreased in the animals treated by Gly compared with
that of animals in NS group (P<0.05). Data are means+SEM. n=15 for
each group. °P<0.05 vs NS group.

2 h after reperfusion, when compared to pre-ischemia levels,
and the concentrations remained at higher levels thereafter
(P<0.05). Furthermore, HMGBI serum concentrations in the
animals that were treated with Gly were significantly lower
than in those of the NS group from 2 h to 72 h after reperfu-
sion (P<0.05).

Concentrations of inflammatory cytokines in the serum

The concentrations of TNF-a, IL-1f, and IL-6 were low in
the serum of the rat sham group (Figure 2); however, serum
levels of these inflammatory cytokines were greatly induced
from 6 h to 72 h after reperfusion in the experimental groups
(P<0.05). As shown in Figure 2, Gly administration before
I/R resulted in significantly decreased IL-13, TNF-a, and IL-6
concentrations compared to the NS group (P<0.05). Moreover,
the serum HMGBI contents correlated well with the levels of
TNF-a (r=0.947), IL-1pB (r=0.906), and IL-6 (r=0.935) at 2 h, 6 h,
12 h, 24 h, 48 h, and 72 h after reperfusion (Figure 3).

Neurologic outcomes

All animals survived until the final neurologic behavior assess-
ments at 24 h, 48 h, and 72 h after reperfusion. The hind-limb
motor function scores of the 3 groups at 24 h, 48 h, and 72 h
after reperfusion are shown in Table 1. In the NS group, most
of the animals developed complete paraplegia of the hind-
limbs (grade 1) at 72 h after reperfusion. Importantly, the
neurologic statuses of members of the Gly group were signifi-

Table 1. Tarlov scores in each group (mean). °P<0.05 compared with
sham group. °P<0.05 compared with NS+SCI group.

Group 24 h 48 h 72 h
Sham 4.64° 5° 5¢
NS+SClI 2.18° 1.27° 1°
Gly+SCl 3.25" 2.33% 2.17°

13
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Figure 2. Serum concentrations of inflammatory cytokines. (A-C) respec-
tively show the concentrations of TNF-a, IL-13, and IL-6 at different time
after I/R. Means+SEM. n=15. °P<0.05 vs Sham group. °P<0.05 vs NS
group.

cantly improved, compared to those of the NS group, at 24 h,
48 h, and 72 h after reperfusion (P=0.029, 0.001, 0.004, respec-
tively).

Western blotting

The protein levels of HMGB1 were detected by Western blot
analysis (Figure 4). The protein was expressed at low levels
in the spinal cords of the sham group members; however, the
levels of HMGBI significantly increased in the spinal cords
of members of the experimental groups as compared with
HMGBT1 levels of the sham groups (P=0.006). Furthermore,
the protein expression of HMGBI in the spinal cords of mem-
bers of the Gly group was significantly lower than that of the
NS group (P=0.035).

Histological examination

The representative micrographs of HE staining of the ventral
horn of the L4 spinal cord segment 72 h after reperfusion are
shown in Figure 5A-5C. The number of normal cells in the
Gly group was more than that in the NS group (Figure 5D,
P=0.019), and TUNEL staining identified a few dead cells in
the cord sections of the sham-operated animals (Figure 6A).
In the spinal cords of members of the NS group, numerous
cells were strongly positive for TUNEL staining (Figure 6B).
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Figure 3. The serum HMGB1 contents correlated well with the levels of
TNF-a (r=0.947, P=0.004), IL-1B (r=0.906, P=0.000), and IL-6 (r=0.935,
P=0.000)at 2 h, 6 h, 12 h, 24 h, 48 h, and 72 h after reperfusion. n=17
pairs.
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Figure 4. The spinal cord HMGB1 contents in sham, NS or Gly group
animals at 72 h after I/R. (A) Result of Western blotting. (B) The bar
graph showing the quantitative analysis of the protein levels of HMGB1 in
the injured spinal cord in 3 groups. Means+SEM. n=5. °P<0.05 vs NS
group.

However, in samples from the Gly group, only a few cells
were positive for TUNEL staining (Figure 6C). For quantita-
tive measurement, the number of cells that were positive or
negative for TUNEL was recorded for each specimen in a
blind fashion. Administration of Gly 30 min before ischemia
significantly reduced the total number of dead cells, compared
to that of the NS group (Figure 6D, P=0.016). Moreover, the
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Figure 5. Coronary section of the lumbar spinal cords and quantification
of normal motor neurons. (A-C) Representative micrographs of H&E
staining in the ventral horn of spinal cord of L4 segments in the Sham, NS
and Gly groups at 72 h after reperfusion, respectively (x200). (D) The bar
graph showing the quantitative analysis of the number of normal motor
neurons in the anterior horn of spinal cord of L4 segments in 3 groups.
Data are means+SEM. n=10 for each group. °P<0.05 vs NS group. Scale
bars=80 uym.
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Figure 6. Representative fluorescence micrographs of TUNEL staining and quantification of apoptotic motor neurons. (A-C) Representative
fluorescence micrographs of TUNEL staining in the ventral horn of spinal cord of L4 segments from animals in the sham, NS and Gly groups at 72 h
after reperfusion, respectively (x200). (D) Quantitative analysis of the number of TUNEL-positive cells in the anterior horn of spinal cord of L4 segments
in three groups. Data are means+SEM. n=10 for each group. "P<0.05 vs NS group. Scale bars=80 um. (E) The numbers of dead cells correlated well
with the HMGBA1 levels of spinal cord tissue in the spinal cord at 72 h after reperfusion. n=15 pairs, r=0.929, P=0.005.

number of dead cells correlated well with the HMGB1 levels
in spinal cord tissue at 72 h after reperfusion (Figure 6E, n=15
pairs, r=0.929, P=0.005).

Discussion
There is a wealth of evidence to suggest that the systemic
inflammatory response that is associated with I/R injury

contributes to the morbidity and mortality that is associated
with the repair of thoracoabdominal aortic aneurysms™”. The
principal mechanisms of pharmacological therapy, such as
the administration of high doses of the glucocorticoid steroid
methylprednisolone that are used in humans, are likely to
inhibit posttraumatic lipid peroxidation and inflammatory
responses. In this study, we show that Gly significantly atten-
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uated spinal cord I/R injury when administered 30 min before
ischemia, and this protection was accompanied by a reduction
in serum inflammatory factors and the protein HMGBI.
HMGBI is a non-histone, nuclear protein with dual func-
tions. Inside cells, HMGB1 binds DNA and plays a role in
transcriptional regulation. Outside cells, HMGBI serves as
a late cytokine-like mediator of systemic inflammation™.
HMGBI1 can activate inflammatory pathways when released
from ischemic cells, and studies indicate that HMGBI acts
as an early mediator of inflammation and organ damage in
hepatic I/R injury. HMGBI levels were increased during liver
I/R as early as 1 h after reperfusion and then further increased,
in a time-dependent manner, up to 24 h. Inhibition of HMGB1
activity with a neutralizing antibody significantly decreased
liver damage after I/R, whereas administration of recombi-
nant HMGB1 worsened I/R injury® *). Moreover, HMGB1
is massively released extracellularly and plays a cytokine-like
function in the postischemic brain!"?. HMGBI, as a mediator
of postischemic brain damage, plays a critical role in the devel-
opment of brain infarction through the amplification of plural
inflammatory responses in the ischemic region and could be
an outstandingly suitable target for treatment for this dam-
age™!. Intravenous injection of a neutralizing, anti-HMGB1
monoclonal antibody provides a novel therapeutic strategy

24 In addition, serum HMGBI1 levels were

for ischemic stroke
significantly elevated in patients with myocardial ischemia
and cerebral ischemia, suggesting that systemic HMGB1 lev-
els are elevated in human ischemic disease™. In this study,
serum HMGBI concentrations and levels of IL-f, TNF-a, and
IL-6 increased during spinal cord I/R as early as 2 h after rep-
erfusion and in a time-dependent manner up to 72 h. These
results indicate that HMGBI is involved in the proinflamma-
tory stress response to I/R injuries of the spinal cord in a time-
dependent manner after spinal cord I/R in rats.

Obviously, inhibition of HMGBI secretion or release rep-
resents a novel and promising strategy for the therapy of
I/R injuries™. A growing amount of information implicates
a possible responsibility of inflammatory mediators in the
pathogenesis of spinal cord injury. In a rat model of traumatic
SCI, the tissue level of TNF-a in the spinal cord significantly

increased 24 h after injury™..

Similarly, in a mouse model of
traumatic SCI, TNF-a, and IL-1p were produced almost imme-
diately following injury, and this production was followed by
the expression of IL-6\. Clinical research has also revealed
increased immunoreactivity of TNF-a, IL-1§3, and IL-6 in neu-
rons at both early and late phases of trauma in human spinal

cord tissues after injury.

In the present study, we demon-
strated that serum proinflammatory cytokine levels (TNF-a,
IL-1B, and IL-6) significantly increased after spinal cord I/R in
rats. These increases were accompanied by elevated HMGB1
concentrations, and by analyzing histopathological speci-
mens, tissue damage to the spinal cord was evident. In the NS
group, all three proinflammatory cytokine levels reached sig-
nificantly higher levels when compared to the sham-operated
group, and these elevated levels were relieved by treatment
with Gly. Treatment with Gly attenuated serum HMGB1
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levels after spinal cord I/R injury when the drug was adminis-
tered 30 min before ischemia. Moreover, the HMGB1 contents
of spinal cord tissue in animals that had been treated with Gly
72 h after reperfusion were found to be significantly lower
than those of the controls. To the best of our knowledge, this
is the first study to demonstrate a protective effect of Gly that
is related to its inhibitory effect on HMGBI release in spinal
cord I/R injuries. We found that I/R upregulated the expres-
sion of HMGB in injured tissue and the levels of IL-p, TNF-q,
and IL-6 in the peripheral blood, which was inhibited by Gly
administration. These results suggest that I/R could activate
HMGB1, which might play a central role in the inflammatory
response that leads to secondary insults after ischemia. There-
fore, the therapeutic benefit of pre-I/R Gly administration
might be due to its salutary effect on modulating HMGBI.
However, apoptosis has been demonstrated to be an impor-
tant mechanism of neuron death in the ischemic spinal cord,
and to play an important role in delayed paraplegia in the
animal model of aortic occlusion®. It is important to note
that the TUNEL assay does not distinguish between cell death
mechanisms (necrosis or apoptosis); however, this method is
useful for detecting damaged cells using light or fluorescence
microscopy™.
of the spinal cords in our study revealed that there was signifi-

Furthermore, histopathological examinations

cant neuronal loss in both 72-h I/R groups, when compared
to the sham-operated groups. In this study, dead cells were
detected based on positive TUNEL staining because the fluo-
rescent nucleus developed a granular pattern. We used this
method because of its high sensitivity and specific means of
identifying DNA fragmentation. As noted, numerous dead
cells were observed in the spinal cords of the control animals,
and the total number of TUNEL-positive cells was reduced
significantly after Gly treatment. The results showed that Gly
alleviated cell apoptosis that was induced by spinal cord I/R.
In line with this, the animals that were treated with Gly had
better neurologic outcomes than those of the NS group. More-
over, at 72 h after reperfusion, the HMGB1 levels in spinal
cord tissue from animals that had been treated with Gly were
significantly lower than those of the NS group, and these lev-
els correlated well with the numbers of dead cells in the spinal
cord 72 h after reperfusion. Together, these results indicate
that inhibiting the release of HMGB1 with Gly results in less
tissue damage and better functional recovery of neurons. In
accordance with our experimental results, the relationship
between apoptosis and HMGBI release in macrophages and
other cells was investigated in an in vitro study, and those
results indicated that the release of HMGBI from macrophages
correlated with the occurrence of apoptosis, and suggested
that these processes reflected common mechanisms and could
occur concomitantly®,
that HMGB1 production occurred downstream of apopto-

However, other studies have shown

sis in the final common pathway to organ damage in severe
sepsis®™. Thus, the crosstalk between HMGB1 and apoptosis
must be further explored.

Because there are two contradictory pathways for inflamma-
tion and apoptosis, it is interesting that Gly influences the two



pathways simultaneously. Here, two mechanisms could be
considered to cause this result. First, Gly could inhibit inflam-
mation by suppressing HMGB1 expression. HMGB1 has been
thought to take part in anti-inflammation because it activates
inflammatory responses through multiple pathways, including
activating the MAPK pathway and then NF-xB translocation,
which triggers inflammatory responses®™.
lead to a cascade of inflammatory responses that can cause

These pathways

tissue damage and the release of inflammatory mediators.
Secondly, the TUNEL assay is only useful for detecting dead
cells, and this method does not distinguish between cell death

mechanisms (necrosis or apoptosis)®.

Because inflammatory
responses can cause tissue damage and even death, Gly could
reduce the number of TUNEL-positive cells by suppressing
HMGBI expression in this study. A limitation to our present
study is that we did not assay the mechanism of Gly in attenu-
ating cell damage.

In conclusion, our results confirmed that HMGB1 release
plays an important role in spinal cord I/R damage®, and we
showed the Gly affords strong protection against transient spi-
nal cord I/R injury by reducing inflammatory factors and cell
apoptosis. Moreover, this protective effect by Gly is related
to the inhibition of HMGBI release that is induced by spinal
cord I/R. These data suggest a new therapeutic possibility
for treating ISCI with Gly. Future research should be directed
toward developing a better understanding of the crosstalk
between HMGBI and apoptosis, as this ultimately might lead
to therapeutic strategies for humans.
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