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Abstract: The pathophysiological effects of spinal cord injury (SCI) occur as a result of oxidative stress and
inflammatory mechanisms. In the present study we analyzed the protective role of ginseng on spinal injury in wistar
rats. To evaluate the redox status, we investigated various parameters including estimation of reactive oxygen
species, lipid peroxidation content, protein carbonyl and sulphydryl content, myeloperoxidase activity, antioxidant
status (superoxide dismutase, catalase, glutathione peroxidase, glutathione-s-transferase). Expression of antioxi-
dant transcription factor nuclear factor erythroid 2-related factor 2 (Nrf2) was determined through immunoblot. In-
flammatory study was performed by evaluating the expression of nuclear factor-kB, cycloxygenase-2 by western blot
analysis. Further the pro-inflammatory cytokines were determined through ELISA (IL-6, TNF-a, IL-13). We observed a
significant enhancement in oxidative stress and inflammatory markers in rats with SCl injury. Ginseng treatment sig-
nificantly down regulated the oxidative stress by enhancing the antioxidant status in SCI rats. Significant inhibition
of inflammation was observed through down regulation of inflammatory proteins and pro-inflammatory cytokines.
Thus our findings show that Ginseng significantly ameliorated spinal cord injury in wistar rats by modulating oxida-

tive stress and inflammation.
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Introduction

Spinal cord injury induced effects cause per-
manent damage to the neurons which usually
occurs through series of biochemical events.
These biochemical events are complex which is
initiated through primary mechanical injury fol-
lowed by secondary effects [1, 2]. Secondary
injury predominantly involves redox imbalance
which leads to outburst of reactive species
thus activating redox sensitive molecules [3].
Thus the entire process exacerbates the pathol-
ogy of spinal cord injury (SCI). One of the early
events which occur during spinal cord injury is
depolarization of voltage dependent ion chan-
nels, leading to cellular ionic imbalance. These
ionic disturbances cause accumulation of intra-
cellular calcium, which activates signaling
events such as 1. phospholipase A2 pathway
resulting in production of various pro-inflamma-

tory genes, leukotrienes and prostaglandins. 2.
Increased nitric oxide production through acti-
vation of iNOS. 3. Mitochondrial dysfunction
and enhanced oxidative stress. 4. Activation of
calcium-mediated cysteine proteases [4]. Thus,
ultimate end result of these consequences
results in generation of reactive oxygen species
and activation of various interrelated pathways.
Thus targeting redox homeostasis through anti-
oxidant molecules could offer potential in pre-
venting spinal cord injury and its associated
effects

Ginseng is a dietary agent with numerous
health benefits. Major active components of
ginseng include ginsenosides, polysaccharides,
peptides, polyacetylenes, alkaloids, nitrogen-
containing compounds, fatty acids and pheno-
lic compounds [5-7]. Ginseng offers excellent
antioxidant effect [8]; which in turn associated
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with anti-infammatory [9], anti-cancer [10],
anti-aging [11] and anti-neoplastic [12] activi-
ties. In addition, ginseng extract has been
reported to involve in protection against oxida-
tive stress conditions [13-15]. The role of gin-
seng in neuroprotection has not been well
explored, thus the present study was designed
to analyze the neuroprotective effect of gin-
seng against spinal cord injury in wistar rats.

Methods
Animals and treatment schedule

Male wistar rats weighing 150-200 g were
housed in controlled conditions of temperature
(22 £ 1°C) and relative humidity (70-72%). The
animals were allowed for alternative light (12 h)
and dark (12 h) cycle. Animals were fed with ad
libitum water and standard diet throughout the
study period. The animals were acclimatized for
10 days and used for the experiment. The study
was approved by institutional animal care and
use committee in Xinhua Hospital Affiliated to
Shanghai Jiaotong University School of Medi-
cine, China. Thirty rats were divided randomly
into 3 groups - Group (I) Sham (n=6) - Lami-
nectomy. Group (Il) - Laminectomy followed by
spinal cord injury (SCI). Group (lll) - Laminectomy
followed by SCI on day 1, followed by intraperi-
toneal injection of Ginseng (100 mg/kg) from
day 1 (after 2 hrs) which was followed to 7 con-
secutive days. SCI induction: The spinal cord
injury model was followed as described by
Akakin et al., [16]. In detail; the rats were anes-
thetized with ketamine and chlorpromazine;
100 mg/kg and 1 mg/kg, ip, respectively).
Followed by which the rats were positioned on
a thermostat controlled heating pad in a prone
position and a rectal probe was inserted. Under
sterile conditions, following T5-12 midline skin
incision and para-vertebral muscle dissection,
spinous processes and laminar arcs of T7-10
were removed. The dura was left intact. A modi-
fied weight-drop model was performed for SCI
[17]. The animals were subjected to an impact
of 100 g/cm (10 g weight from 10 cm height) to
the dorsal surface of the spinal cord. The force
was applied via a stainless steel rod (3 mm
diameter tip) rounded at the surface and
dropped vertically through a 10 cm guide tube
positioned perpendicular to the center of the
spinal cord. The incision was sutured and the
rats were placed in a warming chamber (main-
tained at 37°C) until they were completely
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awake. After the treatment period spinal tissue
was removed and washed in PBS and homoge-
nized using ice-cold Tris-HCI buffer (50 mM, pH
7.4). The homogenate was centrifuged at 3,000
rpm for 15 min at 4°C. The supernatant was
aliquot and stored at -20°C and used for oxida-
tive stress parameters. Protein estimation was
performed as described previously by Lowry et
al., [18].

Malondialdehyde (MDA) levels

The tissue levels of MDA were determined by
estimating the amount of TBA reactants (Lipid
peroxidation products) as described previously
by Devasagayam et al., [19]. The tissue sam-
ples were boiled for 1 hour in the presence of
TBA reagent and the formed pink color chromo-
gen was measured spectrophotometrically at
532 nm. The results were expressed as TBARS
formed/mg of protein.

Reactive oxygen species

The tissue homogenate was incubated with
2',7’-dichlorofluorescein diacetate DCF-DA at
37°C for 15 mins. After 15 minutes, the reac-
tion mixture was centrifuged for 15 minutes at
10,000 rpm. The supernatant was discarded
and the resultant pellet was re-suspended in
phosphate buffered saline and incubated for
60 min at 37°C. Followed by which the ROS lev-
els were measured spectrofluorometrically at
excitation (485 nm) and emission (528 nm)
wavelength. The results were expressed as per-
centage of ROS generation by comparing the
levels to that of control (100%) Hashimoto et
al., [20].

Protein carbonyls and sulphydryl content

Protein carbonyls: The Protein carbonyls formed
were measured as described by Dalle-Donne et
al., [21]. Briefly, the reaction between carbonyl
groups in the sample and 2,4-dinitrophenylhy-
drazine (DNPH) results in the formation of
2,4-dinitrophenylhydrazone which is quantified
spectrophotometrically at 365 nm. The results
were expressed as nmoles of protein carbonyls
formed per milligram of protein. Protein sulphy-
dryls: The tissue Protein sulphydryls were deter-
mined using Ellman’s reagent (5,5-dithiobis-
2-nitrobenzoic acid) as described previously by
Ellmann [22]. The results were expressed as
nmoles protein sulphydryls per mg protein.
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Glutathione (GSH) content

The GSH content was determined as described
by Beutler, (1975) [23], with some modification.
The tissue sample was added with 0.3M of
Na2HP0O4-2H20 and 0.2 ml of dithiobisnitro-
benzoate (0.4 mg/ml in 1% sodium citrate).
After incubation, the absorbance was mea-
sured at 412 nm. The results were expressed
as nmoles of GSH/mg of protein.

Antioxidant enzyme activities

SOD-Superoxide dismutase activity: The SOD
activity was determined as described by Sun et
al., [24]. The assay is based on reduction of
nitrobluetetrazolium (NBT). 1 U of SOD activity
= amount required for 50% inhibition of NBT
reduction. The SOD activity is expressed as U/
mg of protein. Catalase (CAT) activity: The activ-
ity was determined according to the method
described by Aebi, [25]. The reaction mixture
contained tissue homogenate and 30 mM H,0,
in a 50 mM phosphate buffer pH 7.0. The activ-
ity was estimated by decreased in absorbance
of H,0, at 240 nm. Glutathione-S-Transferase
(GST) activity: The reaction between 1-chloro-2,
4-dinitro benzene (CDNB) and reduced glutathi-
one results in formation of dinitrophenylthio-
ether which is measured at 340 nm (Habig et
al., 1974) [26]. 1 U = Amount of enzyme produc-
ing 1 mmol of CDNB-GSH conjugate/min.
Glutathione Peroxidase (GPx) activity: The GPx
was performed as described by Pagia and
Valentine, [27]. The oxidized glutathione (GSSG)
is reduced by glutathione reductase and
NADPH. The oxidation of NADPH to NADP* is
measured by a decrease in absorbance at 340
nm. GPx activity is expressed as U /mg of pro-
tein. Myeloperoxidase Activity: Tissue Myelo-
peroxidase activity was estimated as described
previously by Hillegas et al. [28]. The spinal tis-
sues were homogenized in potassium phos-
phate buffer and centrifuged at 1500 rpm for
15 minutes. The supernatant was discarded
and the pellet was resuspended in 0.5% hexa-
decyltrimethylammonium bromide (HETAB) in
phosphate buffer. Followed by 3 freeze thaw
cycles, the suspension was further centrifuged
at 15,000 rpm for 10 minutes. To an aliquot of
the sample, added the reaction mixture con-
taining 50 mM PB, o-dianisidine, and 20 mM
H,0, solution. The absorbance was measured
at 460 nm for 3 minutes at regular interval of 1
min. The enzyme activity was expressed as
Units/mg of protein.
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Inflammatory cytokines by ELISA: IL-6, TNF-«
and IL-13 levels

The serum interleukins levels of TNF-a and
IL-1B levels were detected using TNF-a and
IL-1B ELISA kit (Sigma). The levels of interleu-
Kins were expressed as pg/ml. The absorbance
was measured using an ELISA reader (MTP-800
Microplate reader; Corona Electric, Tokyo,
Japan).

Immunoblot

Whole cell lysate was used for COX-2 expres-
sion while nuclear extract was used for NF-kB
p65 and Nrf-2 expression. The sample aliquots
containing 50 ug of protein were separated on
8~12% SDS-polyacrylamide gels and trans-
ferred onto polyvinylidene fluoride (PVDF) mem-
branes using glycine transfer buffer (192 mM
glycine, 25 mM Tris-HCI (pH 8.8), 20% MeOH
(v/v)). After proteins are transferred to mem-
branes, the nonspecific sites were blocked with
5% nonfat dried milk for 1 hour at RT. The mem-
brane was washed with TBST thrice and incu-
bated with specific primary mouse monoclonal
antibodies against Nrf-2, COX-2, NF-kB p65
(1:2000) at 4°C overnight. Each membrane
was further incubated for 30 min with second-
ary peroxidase-conjugated goat anti-mouse or
-rabbit IgG (1:5000). The bands were visualized
with an enhanced chemiluminescence (ECL)
system according to the manufacturer’s instruc-
tions. Densitometric analyses of the western
blot bands were performed using optical den-
sity scanning and Image J software (GE
Healthcare Life Sciences).

Statistical analysis

Data are expressed as mean * standard devia-
tion. The data were analyzed using one-way
analysis of variance (ANOVA) followed by Tukey’s
multiple comparison test. All biochemical ex-
periments were performed thrice in triplicates
to ensure reproducibility.

Results

Ginseng inhibits oxidative stress through re-
ducing reactive oxygen species and lipid perox-
ide levels

Compared to control rats, spinal cord injury rats

showed a significant enhancement ROS (P<
0.001) and lipid peroxide content (P<0.001).
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Figure 1. Ginseng reduces oxidative stress in SCl-rats. A. Ginseng inhibits ROS generation: The results are expressed
as ROS generated (%) when compared to sham rats. **P<0.001, when compared to sham group. **P<0.001,
when compared to SCl-rats. B. Ginseng reduces lipid peroxide: The results are expressed as nanomoles of TBARS
formed/mg of protein. ***P<0.001, when compared to sham group. ***P<0.001, when compared to SCl-rats. Group
I (sham); Group Il (SCl-injury rats); Group Il (Ginseng + SCl-injury rats); Results are given as the mean + SEM for 6
rats in each group. (One way ANOVA followed by Tukey’s multiple comparison).
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Figure 2. Ginseng inhibits protein carbonyls and sulphydryls in SCI rats. A. Protein Carbonylation. B. Protein Sulphy-
dryls: ***P<0.001, when compared to sham group. ***P<0.001, when compared to SCl-rats. Group | (sham); Group
II (SCl-injury rats); Group Il (Ginseng + SCl-injury rats); Results are given as the mean + SEM for 6 rats in each group.
(One way ANOVA followed by Tukey’s multiple comparison).

SC Injury followed by ginseng treatment signifi- Ginseng inhibits myeloperoxidase activity
cantly reduced (P<0.001) these levels when

compared to SCI rats (Figure 1). Figure 3 shows the effect Ginseng on

Myeloperoxidase activity. The results show that

Ginseng inhibits protein damage through re-
ducing protein carbonylation and sulphydryl
levels

The results show a significant increase
(P<0.001) in the protein carbonyl and sulphy-
dryl content in rats with SC injury when com-
pared to the control rats. Rats treated with gin-
seng showed significant decline in carbonyls
and sulphydryls when compared to SCI rats
(Figure 2).
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myeloperoxidase activity was increased signifi-
cantly (P<0.001) in rats with SCI. Ginseng treat-
ment significantly reduced (P<0.001) the activ-
ity compared to SCl-rats.

Ginseng modulates antioxidant status through
Nrf-2 up regulation

(Table 1) Rats with SC injury showed significant
decline in antioxidant activities compared to
control rats. However, ginseng treatment incre-
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Figure 3. Ginseng inhibits Myeloperoxidase activity
in SCI rats. Results are expressed as U/mg of pro-
tein. ***P<0.001, when compared to sham group.
***P<0.001, when compared to SCl-rats. Group |
(sham); Group Il (SCl-injury rats); Group Il (Ginseng +
SCl-injury rats); Results are given as the mean + SEM
for 6 rats in each group. (One way ANOVA followed by
Tukey’s multiple comparison).

ased the antioxidant status when compared to
SCI rats. Figure 4A shows rats with SC injury
showed a significant down regulation in Nrf-2
levels compared t control rats. However, gin-
seng treatment showed significant up regula-
tion in Nrf-2 expression post SC injury.

Ginseng exerts anti-inflammatory effect during
SCinjury

SC injury showed significant up regulation
(P<0.001) of NF-kB and COX-2 expression and
pro-inflammatory cytokines (P<0.001) when
compared to that of control rats. Treatment
with Ginseng showed anti-inflammatory effect
by down regulating NF-kB, COX-2, IL-6, TNF-a
and IL-13 levels (P<0.001) compared to SCI
rats (Figures 4A, 4B and 5).

Discussion

It is well noted that oxidative stress and associ-
ated inflammatory mechanisms play a major
role in SC injury and its post effects. The pres-
ent study highlights some of the novel insights
on SCl-induced injury and the role of Ginseng in
ameliorating oxidative stress and inflammation.
We could observe a significant increase in vari-
ous oxidative stress markers during SC injury
such as enhanced ROS levels, lipid peroxide
content and protein damage in the form of car-
bonylation and sulfhydryl levels. The results
obtained from the present study on generation
of reactive oxygen species and its associated
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Table 1. Ginseng enhances antioxidant status
in wistar rats

z?;?s,m_ Group | Group I Group IlI
GSH 87 +1.01 51 + 1.23" 69 + 2.00"*
SOD 34 +0.91 12 + 1.93" 27 £ 1.61*
CAT 1.94 +0.02 1.07 £+0.01"" 1.56 + 0.01***
GPX 437+0.41 3.02+0.01" 3.62+0.01**
GST 39+1.14 12 +1.20"" 28 + 1.52**

Group | (sham); Group Il (SCl-injury rats); Group Il (Ginseng +
SCl-injury rats); Results are given as the mean + SEM for 6 rats in
each group. ***and ***indicate P<0.001 in comparison to sham
group and SCl-rats respectively. GSH-expressed as nmol of GSH/
mg of protein. SOD, CAT, GST and GPx expressed in Units/mg
protein. One way ANOVA followed by Tukey’s multiple comparison.

oxidative damage is consistent with earlier
reports [29]. Further, the SCI rats showed a
redox imbalance by down regulation of Nrf-2
and subsequent depletion of enzymatic and
non-enzymatic antioxidants. Normally, cells are
equipped with antioxidants to combat cellular
stress and offer cytoprotection. However, when
oxidative stress exceeds to that of the cellular
antioxidant defense, then redox status rises.
Oxidative stress is defined as the imbalance
between oxidants and antioxidants in favor of
the oxidants, ultimately leading to cellular dam-
age [30]. In addition to this we examined the
myeloperoxidase activity, marker of oxidative
stress and inflammation and the enzyme func-
tions by formation of hypochlorite [31]. It has
been suggested that hypochlorite oxidation
directly modifies the functional residues of pro-
teins and results in oxidation of thiol groups
leading to protein carbonyl formation [32].
Increase in MPO activity in kidney, lungs and
urinary bladder during SCI-Injury induced cellu-
lar damage has been documented earlier [33,
34]. The protective role of ginseng against oxi-
dative stress and cellular pathogenesis in SCI
injury might be attributed to its antioxidant
potential by up regulating Nrf-2 levels and anti-
oxidant mechanisms. Similar antioxidant pro-
tection has been reported earlier [35].

Oxidative stress-induced inflammatory respon-
se is one of the major events in secondary inju-
ry; which ultimately leads to apoptosis with
eventual loss of neurological function [36]. The
present study shows that SCI caused signifi-
cant up regulation of inflammatory markers and
pro-inflammatory cytokines in wistar rats.
Impact of inflammatory cytokines as potent
mediators of inflammation in SCI injury has

Int J Clin Exp Med 2015;8(3):3514-3521
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nificant anti-inflammatory
effect by reducing NF-«B,
COX-2 and pro-inflammato-
ry cytokines in SCI rats.
Protective role of ginseng in
exerting anti-inflammation
is consistent with earlier
reports [38-40].

In the present study, we
could observe that SC inju-
ry showed high levels of oxi-
dative stress with increase
in inflammatory mediators.
However, ginseng treat-
ment significantly down re-
gulated the levels of pro-
inflammatory mediators by
enhancing antioxidant sta-
tus and exerting anti-inflam-
matory mechanisms.
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