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ABSTRACT
AIM: In this study we tried to determine the possible neuroprotective effects of simvastatin in a rat model of 
Spinal Cord Injury (SCI) with the help of biochemical and histopathological tests.
METHODS: Rats were divided into 5 groups:1) SCI control, 2) Sham operated, 3) SCI with 10 mg/kg 
intraperitoneal simvastatin, 4) SCI with 10 mg/kg oral simvastatin, 5) SCI with 10 mg/kg subcutaneous 
simvastatin. After the treatment period, all rats were sacrifi ced; their blood and spinal cord samples were 
taken for biochemical and histopathological assessment.
RESULTS: When the groups were compared in terms of oedema and infl ammation status, the scores 
of groups receiving simvastatin were better than the control and sham groups (p = 0.001 and p = 0.038 
respectively). When the 3 treatment groups (oral, intraperitoneal and subcutaneous simvastatin groups) were 
compared with each other in terms of infl ammation, haemorrhage and oedema, there were no signifi cant 
differences between groups (p = 0.112, p = 0.797 and p = 0.188, respectively). NSE and S100B levels 
were signifi cantly lower in the treatment groups compared to the sham group (p = 0.039 and p = 0.004 
respectively). 
CONCLUSION: According to our biochemical and histopathological fi ndings, simvastatin 10 mg/kg has a 
positive impact in the spinal cord injury model in rats, regardless of route of application (Tab. 1, Fig. 5, Ref. 
26). Text in PDF www.elis.sk
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Introduction

Spinal cord injury (SCI) is a major cause of human morbi-
dity, because neurons have a very limited ability for reparation. It 
causes devastating motor, sensory and autonomic dysfunction. The 
prevalence of SCI is estimated to be 250000 persons per year in 
the United States. Karacan et al. reported that it is 2.5 times more 
frequent in males than in females, and the cervical region is the 
most frequently effected part of spinal cord (1). Treatment options 
for such patients are extremely limited, high-dose methylpredniso-
lone is the only drug approved for the medical treatment of this 
condition (2). Secondary injury is an important contributor to the 
pathological progress of SCI and is induced by several factors, such 
as: infl ammation, oxidative stress, apoptosis and autophagy, the 
latest studies in this fi eld investigated these pathways in attempts 
to reduce injury progression (3). Anti-infl ammatory and neuro-
protective treatments have also attracted interest (4), and various 

experimental and clinical studies reported neuroprotective effects 
of compounds known to have anti-infl ammatory properties (5).

Statins were introduced as HMG-CoA reductase inhibitors, 
which decreased cholesterol production; however, their neuro-
protective and anti-infl ammatory properties were evaluated exten-
sively in various neurological disease models (6). Many interme-
diate products, known as piroids, are produced during cholesterol 
biosynthesis, some of them are; isopentyl pyrophosphate, geranyl 
pyrophosphate, 3,3-dimethyl allyl pyrophosphate, farnesyl pyro-
phosphate. These intermediates of cholesterol production report-
edly induced adhesion molecules and leukocyte activation, thus 
leading to an activation of infl ammation. When Statins inhibit 
cholesterol production, they also limit the bioavailability of these 
intermediates, which is presumably the cause of their anti-infl am-
matory properties (7). Furthermore, cytokines (such as: Interleu-
kin (IL) 1β, TNFα, and IL-6), which can be produced by neurons, 
endothelial cells and glial cells, regulate the immunological and 
infl ammatory response. Statins have also been shown to reduce 
the release of these cytokines from macrophages, which is another 
important effect (7).

In regard to specifi c statins, experimental studies showed that 
atorvastatin decreases MCP (monocyte chemotactic protein), IL-2,
IL-12 and interferon gamma secretion and showed anti-infl am-
matory effects on SCI (8). Simvastatin, which is a relatively new 
member of the HMG-CoA reductase inhibitor family, is a lipophilic 
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compound that passes the blood-brain barrier with ease; due to this 
property, several studies claimed that it has more powerful neuro-
protective effects compared to other statins (9, 10).

The S100 proteins constitute a large family of calcium bind-
ing proteins. S100B is the major S100 protein in the brain. When 
the levels of S100B increase, infl ammation and apoptosis are in-
duced, leading to neuronal damage. In many studies, a relationship 
between neuronal damage and elevated concentrations of S100B, 
especially in ischemic neuronal conditions, has been found (11, 
12) Neuron specifi c enolase (NSE) is a gamma (γ) subdivision of 
enolase, which mostly exists in the cytoplasm of neurons (13). 
Some researchers in literature reported NSE elevation in neurode-
generative disorders. Cooper et al. and Anand et al. mentioned in 
their study that there was a positive association between an acute 
stroke and NSE levels (14, 15). Today, NSE and S100B levels 
are suggested to be two reliable biomarkers of neuronal injury.

In literature, there are few limited studies assessing the neu-
roprotective properties of simvastatin in SCI. Therefore, we at-
tempted to identify possible neuroprotective effects of simvastatin 
in a rat model of SCI via evaluation of biochemical and histo-
pathological fi ndings.

Material and methods

Animals and experimental procedures
This study was conducted in the experimental animal stud-

ies laboratory of Ankara training and research hospital. A total of 
30 adult male Sprague Dawley rats weighing between 200–220 
g were used in the study. Animals were kept in cages and main-
tained under standard conditions with 12-hourlight/dark cycles at 
a room temperature (22 ± 2 °C). They were fed by standard pellet 
diet and had tap water ad libitum for the duration of the study. The 
study has been carried out in accordance with the EU Directive 
2010/63/EU for animal experiments, and the protocol used in the 
study was approved by the Local Institutional Animal Care and 
Ethics Committee.

In order to obtain a deep general anaesthesia, we used 2 mg/
kg ketamine-HCL (Ketalar, Parke-Davis Eczacibasi, Istanbul) and 
10 mg/kg xylazainehydrochloride (Alfazyne, Alfasan International 
B.V. Holland). Rats were placed on a fi xation board in the prone 
position for fi xation. After sterilizing the thoracic spine region with 
PVD iodine (Batticon std. solution, Adeka, Samsun), we shaved 

the region and sterilized again with PVD iodine. A midline inci-
sion was made dorsally from T5–T12 spinal levels (16). During 
this procedure, interscapular distance was taken as reference and a 
standard spinal cord injury (SCI) was performed as follows: After 
carefully exposing the thoracic vertebrae, laminectomy was per-
formed for 1 minute via a 70 g closing-force aneurysm clip (Yasar-
gil FE 721Aesculap, Istanbul, Turkey), as described previously 
(17). Following haemostasis, paravertebral muscles and the skin 
were primarily sutured with 3/0 Vicryl consistently with regard to 
anatomical layers and rats were awakened normally in a standard 
room temperature.

Group design
The 30 rats were divided into 5 groups, each group consisting 

of 6 rats. Group 1 was the control group; after taking 1 cc of blood, 
they were sacrifi ced without any surgical procedure. Group 2 was 
the sham group; in which the SCI procedure was performed, no 
treatment was given, and they were sacrifi ced after obtaining 1 
cc of blood. In the group 3, after performing SCI, 10 mg/kg sim-
vastatin was given intraperitoneally at post-op 1st, 6th, and 24th 
hours after SCI, and 1 cc of blood was taken and rats were sacri-
fi ced. Group 4 was determined as the oral simvastatin group; af-
ter the SCI procedure, starting from the fi rst day (at the 1st hour), 
a daily single dose of 10 mg/kg simvastatin was given orally for 
5 days, after this period 1 cc of blood was taken and they were 
also sacrifi ced. Lastly, group 5 was determined as the subcutane-
ous simvastatin group. In this group, the SCI procedure was per-
formed, subcutaneous simvastatin (10 mg/kg) from the fi rst day 
(at 1sthour) was given to the rats every day until the3rd day. On 
the 4th day, 1 cc of blood was taken and rats were sacrifi ced. In 
all the groups, before performing SCI, we obtained 1 cc of blood 
from all the rats in order to assess biochemical alterations before 
the surgery and after treatment period.

Histopathological examination
All spinal cord samples were perfused with 200 ml of 4 % 

formaldehyde in a 0.1 M phosphate-buffer for histological and 
immunohistochemical analysis. Formalin-fi xed spinal cord sample 
sections (5 μm) were stained with haematoxylin-eosin Nissl stain-
ing. All sections were irrigated in PBS and images were taken with 
an Olympus C-5050 digital camera mounted on an Olympus BX51 
microscope. We assessed the spinal cord sections for oedema,

Control 
group

Sham 
group

10 mg/kg oral 
simvastatin group

10 mg/kg intraperitoneal 
simvastatin group

10 mg/kg subcutaneous 
simvastatin group p

Infl ammation 
category

Absent (n) 6 4 4 2 0
0.038Moderate (n) 0 2 2 4 5

Severe (n) 0 0 0 0 1

Haemorrhage 
category

Absent (n) 6 1 4 3 2
0.224Moderate (n) 0 1 1 1 1

Severe (n) 0 4 1 2 3

Oedema 
category

Absent (n) 6 0 2 1 0
0.0001Moderate (n) 0 2 4 5 4

Severe (n) 0 4 0 0 2

Tab. 1. Infl ammation, haemorrhage and oedema categories of groups.
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haemorrhage and infl ammation under a microscope according 
to the system reported by Ducker et al. (18). Briefl y, 0 means no 
pathological fi nding, while 1 means moderate and 2 means severe 
pathological alterations.

Biochemical analyses
All blood samples were taken before and after the SCI pro-

cedure with appropriate methods. Serum samples were obtained 
by centrifugation (3000 RPM, 10 mins, at 4 °C) and biochemical 
investigations were performed immediately. The concentrations 
of NSE and S100B were measured via commercial ELISA kits 
according to manufacturer recommendations (DRG, Germany).

Statistical analysis
The SPSS (Statistical Package for Social Sciences) version 

15.0 for Windows program was used for all statistical analyses in 
this study. The Chi-Square test was used to compare qualitative 
data. The non-parametric Mann-Whitney U and Kruskal-Wallis 
tests were used to compare quantitative data, and post-hoc com-
parisons were performed via the least signifi cant difference test. 
The results are presented as the mean ± standard deviation for 
numeric values and as “n” and “%” for the qualitative values. 
Results with a p value lower than 0.05 were accepted to be sta-
tistically signifi cant.

Results

The control group’s oedema, haemorrhage and infl ammation 
scores and S100β and NSE levels were signifi cantly lower than 
the sham group and the three simvastatin treatment groups (p < 
0.05 in all). When groups were compared in terms of oedema and 
infl ammation histopathologically, the simvastatin group’s scores 
were better than sham group (x2 = 29.77, p = 0.0001 and x2 = 16.34, 
p = 0.038 respectively). However, there were no signifi cant differ-
ences between the treatment groups and the sham group in terms of 
haemorrhage scores (x2 = 10.6, p = 0.224). When the 3 treatment 
groups (oral, intraperitoneal and subcutaneous simvastatin) were 
compared with each other in terms of infl ammation, haemorrhage 
and oedema, there were no signifi cant differences between the 
groups (x2 = 7.23, p = 0.112; x2 = 1.16, p = 0.797 and x2 = 6.15, p 
= 0.188; respectively) (Tab. 1, Figs 1, 2, 3, 4).

The ANOVA test showed that there were signifi cant differ-
ences between groups in terms of NSE and S100B levels (F = 
2.9, p = 0,039 and F = 5.06, p = 0,004 respectively). NSE and 
S100B levels were signifi cantly higher in the sham group than in 
the control group (p = 0.0017), while NSE and S100B levels were 
signifi cantly lower in the treatment groups than the sham group. 
On the other hand, NSE and S100B levels were similar in all three 
treatment groups (F = 2.74, p = 0,097, F = 7.6, p = 0,125) (Fig. 5).

Discussion 

The major fi nding of our study was that, simvastatin had 
signifi cant neuroprotective effects in a rat SCI model. S100B 
and NSE levels, which are important and reliable indicators of 

Intraperitoneal simvastatin group, 200 μm

Fig. 2. Spinal cord section from 10 mg/kg intraperitoneal simvastatin 
group (x100 magnifi cation). (Red arrow; haemorrhage, blue arrow; 
oedema, black arrow; infl ammation).

Sham group, 200 μm

Fig. 1. Spinal cord section from Sham operated group. (x 100 magni-
fi cation). (Red arrow; haemorrhage, blue arrow; oedema, black ar-
row; infl ammation).

oral simvastatin group, 200 μm

Fig. 3. Spinal cord section from 10 mg/kg oral simvastatin group (x100 
magnifi cation). (Red arrow; haemorrhage, blue arrow; oedema, black 
arrow; infl ammation).

subcutaneous simvastatin, 200 μm

Fig. 4. Spinal cord section from 10 mg/kg subcutaneous group (x100 
magnifi cation). (Red arrow; haemorrhage, blue arrow; oedema, black 
arrow; infl ammation).
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neuronal damage, were signifi cantly lower in the three treatment 
groups compared to the sham group. Besides, the histopathologi-
cal fi ndings of our study supported these results, as shown by the 
levels of oedema and infl ammation. Finally, we found that oral, 
intraperitoneal and subcutaneous simvastatin showed similar posi-
tive impacts on SCI, indicating that neuroprotective effects are not 
associated with the route of administration.

Our results were consistent with previous literature reports 
regarding simvastatin. In the recently published study, Liang et al 
showed that 10 mg/kg of simvastatin could improve neurological 
function and regulate endothelial infl ammatory response by reduc-
ing adhesion molecule-1 (ICAM-1) after a spinal cord injury in 
rats (19). In other studies, 10 mg/kg simvastatin was also shown 
to have ameliorative effects on SCI through different mechanisms; 
for instance, Gao et al reported that while simvastatin signifi cant-
ly increased the expression of brain-derived neurotrophic factor 
(BDNF) and glial cell line-derived neurotrophic factor (GDNF), it 
decreased expression of chondroitin sulfate proteoglycan (CSPG) 
and caspase-3 protein. Furthermore, it preserved the function of 
motor neurons (20). Also, Sohn et al created an Ischemia-reperfu-
sion injury model from the tissue obtained from Sprague-Dawley 
rat foetuses and administered simvastatin. The authors found that 
oxygen and glucose deprivation (OGD) increased LDH release up 
to 214 %; however, simvastatin treatment attenuated cytotoxicity 
and also reduced the morphological alterations observed in motor 
neurons after OGD (21).

It can be seen from the above mentioned studies that simva-
statin demonstrates biochemical, histopathological and clinical 
improvement in different experimental SCI models through dif-
ferent mechanisms. Our study added to these studies by assessing 
NSE and S100B levels as the measures of neuronal damage, which 
showed that simvastatin reduced the levels of NSE and S100B; thus 
providing a biochemical evidence of neuroprotective properties. 

Our biochemical results were also supported by histopathological 
fi ndings. Additionally, another aim of our study was to evaluate 
whether there were any differences in the terms of the administra-
tion route of simvastatin (oral, intraperitoneal and subcutaneous). 
Our results showed that the neuroprotective effects were similar 
in all 3 groups. To our knowledge, this is the fi rst study, which 
demonstrates the positive effects of simvastatin as measured by 
NSE and S100B concentration.

High S100B levels induce neuro-infl ammation via elevation 
of cytokines such as IL-6 and interferon gamma and S100B also 
activates apoptosis by the elevation of various apoptotic genes 
including c-fos, c-jun, bax, bel-x, p15, p21 (23); thereby causing 
neuron loss during injury. NSE is a 78 kDa glycolytic enzyme in-
volved in glucose metabolism and is mainly found in neuronal and 
neuroendocrine cells. The role of NSE in acute spinal cord injury 
(SCI) via various molecular mechanisms and pathways have been 
reported previously (24).

In parallel with the above- mentioned data, there were also 
some clinical studies, which showed that NSE and S100B levels 
could be used as a prognostic biomarker in SCI. In the clinical 
study by Du et al, serum levels of NSE and S100B protein were 
found to refl ect the severity of spinal cord injury, and therefore, 
could be potential biomarkers in patients with an acute spinal 
cord injury (25). In another similar study, Wolf et al determined a 
signifi cant correlation between serum S100B levels and vertebral 
spine fractures and also a signifi cant correlation between serum 
S100B levels and SCI with neurologic defi cit; however, unlike Du 
et al they did not fi nd any association between NSE and SCI (25). 
Consistent with the fi ndings of Wolf and colleagues, Marquardt 
et al, in their study consisting of rats with an experimental SCI 
model, reported that S100B was a reliable marker that enabled 
the prediction of SCI outcome, while NSE did not have this pro-
perty (26). Although we did not evaluate any relationship between 
SCI severity and the levels of NSE and S100B, our results were 
similar to those mentioned studies in terms of increased NSE and 
S100B levels in SCI.

This study had certain limitations. Firstly, we could not evalu-
ate the clinical severity and outcomes of rats because of techni-
cal insuffi ciencies. Another important limitation was the semi-
quantitative nature of our histopathological assessment, which 
was performed according to the prior study. Future studies may 
benefi t from utilizing quantitative methods in order to determine 
histopathological alterations more accurately, such as: methods 
involving neuron or astrocyte cell counts.

Conclusion

In the current study, simvastatin 10 mg/kg (regardless of ad-
ministration route) was found to have a signifi cant positive impact 
on SCI in rats, as measured by histopathological and biochemical 
methods; however, although various studies were performed on 
this topic, the primary mechanism by which simvastatin demon-
strates this effect is unknown. In future, detailed experimental or 
clinical studies, which evaluate other biomarkers might be crucial 
in understanding these mechanisms.

Fig. 5. NSE and S100B levels were signifi cantly higher in sham group 
than control group (p = 0.0017). NSE and S100B levels were signifi -
cantly different from sham group (p = 0,039 and p = 0.004 respectively); 
NSE and S100B levels were similar in all three treatment groups (p = 
0.097 and p = 0.125, respectively).
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