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Neuroprotective Effects of Ganoderma lucidum
on Spinal Cord Injury

Efectos Neuroprotectores de Ganoderma lucidumen la Lesion de la Médula Espinal |
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SUMMARY: Traumatic injury to the spinal cord results in the delayed dysfunction and neuronal death. Impaired mitochondrial function,
generation of reactive oxygen species (ROS), and lipid peroxidation occur soon after traumatic spinal cord injury (SthB,aetiilation of
compensatory molecules that neutralize ROS occurs at later time points. The aim of the current study was to investijite tieemprotective
effect of Ganoderma lucidunm a rat model of SCI. In order to induce SCI, a standard weight-drop method that induced a moderately severe
injury (100 g/cm force) at T10, was used. Injured animals were given either 20 i@afkagderma luciduror saline 30 min post injury per day
by gastric gavage. At seven days postinjury, rats were decapitated. Spinal cord samples were taken for histological extasheieationation
of malondialdehyde (MDA) and glutathione (GSH) levels, myeloperoxidase (MPQ) activity. SCI caused a significant decreegeandspi
GSH content, which was accompanied with significant increases in MDA levels, MPO activity. On the oth@ahaddrma lucidurtreatment
reversed all these biochemical parameters as well as SCl-induced histopathological alterations. Furthermore, impairmeatotddiual
functions due to SCI was improved by meloxicam treatment. The present study suggests that Ganoderma Lucidum, reduces ®@ldtidece
stress and exerts neuroprotection by inhibiting lipid peroxidation, GSH depletion.

KEY WORDS: Spinal cord injury; Ganoderma lucidum VEGF; PCNA.

INTRODUCTION

Neurologic injury caused by ischemia—reperfusiomlevelopment of vascular network, it independently works on
injury of the spinal cord has been a frequency between 3#éuron to guide neurogenesis (8tral (2002), axon growth
and 24 % (Cambriat al, 1997). Neurologic damage (Sondellet al, 1999; Alitaloet al, 2011; Erskinet al, 2011;
developing after acute spinal cord injury is related with necrodiuiz de Almodovaet al 2011) Nuclear Antigen (PCNA) is a
developing after secondary injury and primary mechanic injusignificant cell-cycle regulated nuclear protein for DNA-
and apoptosis which develops later (Andersbal, 1982). polymerase, the PCNA-labeled nuclei had been shown to
Oxygen-derived free radicals have been implicated in thdentify cells in the late G1 and early S phases of the cell
pathogenesis of spinal cord neuronal injury after traumaycle, as well as cells undergoing DNA repair (Ckeal,
Decreasing the level of oxidative stress minimizes th2005). Oral administration @anoderma lucidurhas been
secondary destruction effect after traumatic injury (Yazihashown to significantly reduce both cerebral infarct area and
et al, 2008). Numerous studies reported that increase@uronal apoptosis in the ischemic cortex (Zépal, 2012).
oxidative stress due to ischemia-reperfusion injury iRecent studies have demonstrated the neuroprotective effect
associated with decreased enzymatic and non-enzymasicGanoderma lucidunto reduce oxidative stress in vitro
antioxidant defense potential, such as glutathione (GSHXhaoet al,, 2005), to induce neuronal differentiation (Cheung
superoxide dismutase (SOD) and catalase (CAT) activities al., 2000), and to prevent the harmful effects of the
(Naik et al,, 2006; Morsyet al, 2010). Vascular endothelial exterminating toxin Ab in Alzheimer's disease in cultured rat
growth factor (VEGF) is among the significantly upregulatedeurons (Laét al, 2008).In this study. The protective effect
genes found in SCI rats with allodynia (Nesé&¢ of Ganoderma lucidunon neuronal and angiogenetic
al., 2005).VEGF isoforms play important roles in thefunction after medulla spinalis injury was investigated.
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MATERIAL AND METHOD Histological Preparation and Analysis At the end of the
experiment, all animals were anesthetized via the
intraperitoneal administration of ketamine HCL (0.15 ml/
The investigation was conducted in accordance with00 g body weight). The cerebellum were dissected. For
the Guide for the Care and Use of Laboratory Animakhe histological examination, cerebellum tissues were fixed
published by US National Institutes of Health (NIHin 10 % formaldehyde solution, post fixed in 70 % alco-
Publication no. 85-23, revised 1996). All experimentahol, and embedded in paraffin wax. The sections were
protocols were approved by the Dicle University Animastained with Hematoxylin—Eosin
Care and Use Committee. Male Sprague-Dawley rats (200—
230 g) were housed in an air-conditioned room with 124mmunohistochemical staining.An antigen-retrieval
light and dark cycles, where the temperaturee?2&) and process was performed in citrate buffer solution (pH 6.0)
relative humidity (65-70 %) were kept constant. two times: first for 7 min, and then for 5 min in a microwave
oven at 700 W. They were allowed to cool to room
Anesthetized (ip ketamine and chlorpromazine; 7&mperature for 30 min and washed in distilled water for 5
mg/kg and 1 mg/kg, respectively) rats were positioned omain twice. Endogenous peroxidase activity was blocked
heating pad in a prone position and a rectal probe was0.1 % hydrogen peroxide for 15 min. Ultra V block
inserted. Under sterile conditions, following T5-12 midlingHistostain-Plus Kit, Invitrogen, Carlsbad, CA) was applied
skin incision and paravertebral muscle dissection, spinofa 10 min prior to the application of the primary antibodies
processes and laminar arcs of T7-10 were removed. The dW&GF antibody, mouse monoclonal, 1/200, Santa Cruz
was left intact. Weight-drop model was performed for SBiotechnology) overnight.
(Allen, 1911). The animals were subjected to an impact of
100 g/cm to the dorsal surface of the spinal cord. The force  The secondary antibody (Histostain-Plus Kit,
was applied via a stainless steel rod (3 mm diameter fipvitrogen, Carlsbad, CA) was applied for 20 min. Then
weighing 10 g) that was rounded at the surface. The rod whg slides were exposed to streptavidin-peroxidase for 20
dropped vertically through a 10-cm guide tube that wamsin. Diaminobenzidine (DAB, Invitrogen, Carlsbad) was
positioned perpendicular to the center of the spinal cordsed as a chromogen. Control slides were prepared as
Afterward, the muscles and the incision were suturethentioned above but omitting the primary antibodies. After
Following surgical procedure, the rats were placed icounterstaining with Hematoxylene, washing in tap water
warming chamber and their body temperatures wefer 5 min, and in distilled water for 2 ¥ 5 min, the slides
maintained at approximately 3 until they were were mounted.
completely awake. Thirty minutes after the spinal cord injury,
rats were injected either salineg®rlucidumpolysaccharides Tunnel technique.Anti-proliferating cell nuclear antigen
(GLPS) (400 mg/kg/day) via gastric gavage. The sevenfRCNA) antibody was employed for detection of the
day all 30 animals were killed after TBI. Thirty rats weregoroliferation rate of enterocytes. Sections taken to distilled
divided into three groups as group 1 control group, 2 spinaater were then washed in PBS 2x5 min sections were
cord injury group, 3 spinal cord injury + Gonodermdkept in freshly prepared permeabilization solution (0.1 %
lucidum group (20 mL/kg per day via gastric gavage)riton X-100 in 0.1 % sodium citrate) 8 min on ice. then
Ganoderma lucidurwas administered for 7 days after trauwashed in PBS 2x5 min and Added TUNEL Mixture
ma. Each group consisted of 10 animals, and of these, &iuted 1:1 with TUNEL Dilution Buffer) on sections in
were used for biochemical (Table I) and the other four wetke dark in humidified chamber for 1 at 37 °C. They were
used for the evaluation of histological analysis. subsequently washed in PBS 2x5 min, As a substrate

Table I. Biochemical results relevant to the study groups.

Control G. lucidum Trauma Trauma+ G. lucidum
MDA (nmol/g) 26.75+0.85 26.23+0.88 43.95+£0.77%** 29.3840.87""
GSH (umol/g) 1.58+0.04 1.6040.03* 0.75+0.06%** 1.4140.047"
MPO (Ug) 347+0.05 3.49+0.04 7.44+0.62%** 6.75+0.49++

Values are represented as meaBD. Each group consists of sixteen rats.
* p<0.05, versus control.  *** p<0.001, versus control.  ++p<0.01, tra@nkreidum versus trauma. +++p<0.001,
trauma+. lucidum versus trauma
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solution, Fast Red (Roche) was applied on sectiorRESULTS AND DISCUSSION
Sections were counterstained with Hematoxyline, Mounted
with Kaiser's Glycerol Gelatine (Roche).

MPO activity, which is accepted as an indicator of
Measurement of MPO Activity. MPO activity in tissues neutrophil infiltration, was significantly higher in the spinal
was measured by a procedure similar to that describeddayd tissues of traumatic rats than those of the control group
Hillegasset al. (1990).Spinal cord tissue samples wer§<0.001). Ganoderma treatment significantly decreased spinal
homogenized in 50 mM potassium phosphate buffer wittord tissue MPO levels (p<0.01). (Tabla | and Fig. 1)
a pH of 6.0, and centrifuged at 41,400 g for 10 min. The
pellets were then suspended in 50 mM PB containing 0.5  Trauma caused a significantincrease in the MDA levels
% hexa-decyl trimethyl-ammonium bromide (HETAB).(p<0.001) with a concomitant decrease in GSH levels (p<0.001).
After three freeze and thaw cycles, with sonication betwedBanoderma treatment significantly reduced the increase in
cycles, the samples were centrifuged at 41,400 g for MDA levels and restored GSH content at seventh day.
min. Aliquots (0.3 ml) were added to 2.3 ml of reaction
mixture containing 50 mM PB, o-dianisidine, and 20 mM Spinal cord trauma results in a rapid and extensive
H,O, solution. One unit of enzyme activity was defined asxidative stress. It has long been established that oxidative stress
the amount of MPO present that caused a changenpilays a critical role in the pathophysiology of SCI (Christie
absorbance, measured at 460 nm for 3 min. MPO activi, 2008; DeRuisseaet al, 2009; Savast al,, 2009).
was expressed as U/g tissue.

G. lucidum extract reduced the expressions of
Malondialdehyde (MDA) and Glutathione (GSH) proinflammatory and cytotoxic factors from the activated
Assays Spinal cord tissue samples were homogenized withicroglia, and effectively protected the dopaminergic neurons
ice-cold 150 mMKCI for the determination of MDA andagainst inflammatory and oxidative damage (Huabhgl,
GSH levels. The MDA levels were assayed for the produc810). Some studies have shown that administration of VEGF
of lipid peroxidation and results are expressed as nntolthe injured spinal cord has neuroprotective effects, induces
MDA/g tissue (Buege & Aust, 1978), GSH was determineangiogenesis and improves neurobehavioral results (Widenfalk
by a spectrophotometric method based on the use aifal, 2003; Patekt al, 2009; Liuet al, 2010). Our data
Ellman's reagent and results are expressed as mmol GShtiw that VEGF expression is increased in spinal cord injury,
g tissue (Beutleet al, 1963). but VEGF expression in neuron and endothelial cells is

decreased in spinal cord injury &anoderma lucidum

Statistical Analysis. All data are expressed as means treatment.Vascular endothelial growth factor (VEGF),
S.D. Groups of data were compared with an analysis afgiogenesis and vascularization of spinal cord injury (SCI)
variance (ANOVA) followed by Tukey's multiple are importantcontributors. VEGF is thought to be an
comparison tests. Values of p <0.05 were considered iagortant neurotrophic for the continuity of spinal cord
significant. neurons and endothelial cells.(Fig. 2)

Fig. 1. A. Control group: Canalis ependimalis covered with oval nucleus cubic-shaped epithelium, multipolar and bipotaruwtures
and glial cells in the Cornu anterior region were regularly observed. H-E staining Bar 100 mm. B. Spinal cord injury geoepafiey
and loss in Kanalis ependimalis cells, deterioration in some radical cells, hyperplasia in funicular cells, dilationapi#argiMessels,
vacuolar structures in the area of substantia grisea were observed.HE staining Bar 100 mm. C. Spinal cord inGangomrpia
lucidumgroup: Mild degeneration in radicular cells, hyperplasia in funicular cells, vascular dilatation and reduction of vaattal&sstru
in the substantia grisea region. H-E staining Bar 100 mm.
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Reactive astrocytes also play a crucial role in wourKINCI, A.; OZEVREN, H.; BILGIC, B. E.; EKINCI, C,;
healing and functional recovery after SCI. At the subacuB=VECI, S. & DEVECI, E. Efectos Neuroprotectores de
phase, astrocytes migrate to compact the lesiofanoderma lucidunsobre la lesion de la médula espirat. J.
presumably secluding the inflammatory cells to preveftorphol., 36(1)175-179, 2018.

?:r(rjn (giz d;[:raela g(I)rZ)gs)l n;gat:ge dgﬁ;n;hygieoéézets:;nal RESUMEN: La lesion traumatica de la médula espinal pro-
T ’ . ) ) . voca disfuncion retrasada y muerte neuronal. La funcién mitocondrial
PCNA expression in astrocytes increased in white mattglieriorada, la generacion de especies reactivas de oxigeno (ERO) y
after spinal cord injury. In our study, the expression Qf peroxidacion lipidica ocurren poco después de una lesion traumatica
astrocytes in PCNA and white matter increased in the nuclila médula espinal (LTE), mientras que la activacion de moléculas
of glial cells in radicular and funicular cells. In spinal cordompensatorias que neutralizan ERO ocurre posteriormente. El ob-
injury, it was observed that the DNA structure changejdtivo del presente estudio fue investigar el efecto neuroprotector de
and caused apoptotic changes. PCNA expression in tﬁ@noﬁerma Iucidgmp un mpdelo de ’LTE en ratgs..Con el fin de
ganoderma group showed a weak reaction in the gr_tggucw LTE, se utilizé6 un método estandar de pérdida de peso que

. . ujo una lesién moderadamente grave (100 g / cm de fuerza) a
matter and white matter, and DNA and apoptotic changl%‘gol A los animales lesionados se les administré6 20 ml / kg de

in the m.jCk.e;S struf;:turg de(;:reased(.j gano_derrga IuC'g'"]é‘%’r1oderma luciduro solucion salina, por sonda gastrica, 30 minu-
an antioxidant eftective dose an uration dependegg después de la lesién. A los siete dias después de la lesion, las

inhibitor of cell apoptosis and altered angiogenetic activityatas fueron eutanasiadas por decapitacién. Se tomaron muestras de
has been implicated in changes in neurons and glial celigdula espinal para el examen histolégico y para la determinacion
in spinal cord injury and in angiogenesis, impairing its dost los niveles de malondialdehido (MDA) y glutatién (GSH), y la
and duration. actividad de mieloperoxidasa (MPO). LTE caus6 una disminucion

Fig. 2. A.Control group: Negative VEGF expression in radicular and funicular cells, VEGF expression in glia cells aneredstutdium

was weakly observed.VEGF immunostaining staining Bat®0B. Spinal cord injury group:Positive VEGF expression was observed

in Glia cells and vascular endothelial cells.VEGF immunostaining staining Bamt @ Spinal cord injury groug3anoderma lucidum

group: In multipolar and bipolar neurons, weak VEGF expression was seen in glial cells and vascular endothelial cells.VEGF
immunostaining staining Bar 1Q0n; D. Control group: Negative PCNA expression in the radicular and funicular cells and glial cells.
PCNA immunostaining Bar 50m; E. Spinal cord injury group: In radicular and funicular cells, the expression of PCNA in the nucleus

of the glial cells and astrocytes in white matter was increased. PCNA immunostaining stainingi@af5G&pinal cord injury
group+Ganoderma lucidurgroup: In the radicular and funicular cells, the PCNA expressions in the nucleus structure of the glial cells
were weakened PCNA immunostaining staining Bamb0
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