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Abstract

The purpose of this study was investigating the effects of curcumin on the histological changes and func-
tional recovery following spinal cord injury (SCI) in a rat model. Following either sham operation or SCI, 
36 male Sprague–Dawley rats were distributed into three groups: sham group, curcumin-treated group, 
and vehicle-injected group. Locomotor function was assessed according to the Basso, Beattie, and Bresna-
han (BBB) scale in rats who had received daily intraperitoneal injections of 200 mg/kg curcumin or an 
equivalent volume of vehicle for 7 days following SCI. The injured spinal cord was then examined his-
tologically, including quantification of cavitation. BBB scores were significantly higher in rats receiving 
curcumin than receiving vehicle (P < 0.05). The cavity volume was significantly reduced in the curcumin 
group as compared to the control group (P = 0.039). Superoxide dismutase (SOD) activity was significantly 
elevated in the curcumin group as compared to the vehicle group but was not significantly different from 
the sham group (P < 0.05, P > 0.05, respectively) at one and two weeks after SCI. Malondialdehyde (MDA) 
levels were significantly elevated in the vehicle group as compared to the sham group (P < 0.05 at 1 and 
2 weeks). MDA activity was significantly reduced in the curcumin group at 2 weeks after SCI when com-
pared to the vehicle group (P = 0.004). The numbers of macrophage were significantly decreased in the 
curcumin group (P = 0.001). This study demonstrated that curcumin enhances early functional recovery 
after SCI by diminishing cavitation volume, anti-inflammatory reactions, and antioxidant activity.
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Introduction

Traumatic spinal cord injury (SCi) causes long-lasting 
or permanent neurological deficits that affect both 
motor and sensory systems.1,2) The pathophysiology of 
acute SCi is complex and occurs via two mechanisms, 
involving a primary and secondary injury. The primary 
injury results from the structural damage caused by 
the initial mechanical trauma. The secondary injury 
after the primary impact is a subsequent series of 
deleterious processes that lead to apoptosis.1–4) oxygen 
free radicals and inflammation play an important role 
in the pathogenesis of secondary injury after SCi.5,6) 
Primary injury is immediate and irreversible, but the 
secondary injury evolves over time and provides a 
window of opportunity for therapeutic intervention. 

Thus, early neuroprotective intervention soon after 
SCi, intended to limit early deleterious effects leading 
to neuronal cell death, has been the goal of numerous 
research studies.2,5)

There have been many studies investigating phar-
macological agents that protects or reduces secondary  
injury after experimental SCi, such as methylpred-
nisolone (mPSS), minocycline, erythropoietin, and 
valproic acid. however, these drugs are only modestly 
effective and their use in the clinical treatment of 
SCi is debated.2,7–13)

Curcumin [1,7-bis(4-hydroxy-3-methoxyphenyl)- 
1,6-heptadiene-3,5-dione] is a polyphenol extracted 
from the rhizomes of the turmeric plant (Curcumin 
longa L.), which has been used for centuries as a 
dietary spice and as a traditional indian medicine. 
Curcumin is well known as a multifunctional drug with 
a wide range of pharmacological activities, including 
anti-inflammatory, antioxidant, and anticancerous  received July 18, 2013; accepted September 4, 2013
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effects.14–21) experimental cortical ischemic studies 
in rats have demonstrated that curcumin inhibits 
xanthine oxidase and glutathione peroxidases, and 
promotes superoxide dismutase (SoD), which results 
in decreased malondialdehyde (mDa) and superoxide 
anions and thus preserves cerebral capacity while 
decreasing neuronal damage.6,22–24)

however, little is known regarding the therapeutic 
potential of curcumin in SCi. a recent experimental 
SCi study showed that curcumin inhibited apop-
tosis and neuron loss, and significantly improved 
neurological deficit seven days after spinal cord 
hemisection.25) another study demonstrated the 
neuroprotective effect of curcumin by increasing 
tissue levels of SoD and catalase.26)

To date, the histological, biochemical, and func-
tional recovery effects of curcumin treatment after 
SCi have not been fully evaluated. Thus, the aim of 
the present study is to investigate (1) the effects of 
curcumin treatment on various histological changes 
following SCi including cavitation volume, inflam-
matory response, and plasma levels of mDa and 
SoD and (2) whether treatment with curcumin aids 
in the functional recovery after SCi in a rat model.

Materials and Methods

I. Animal model and drug administration
all animal experiments were performed in accord-

ance with the national institute of health guidelines 
on animal care, and were approved by the insti-
tutional animal Care Committee of our institute. 
Thirty-six adult male Sprague-Dawley rats weighing 
290–310 grams (Samtako Bio, osan, Korea) were 
randomly and blindly allocated into three groups 
(n = 12 per group). in group 1 (sham group), lami-
nectomy was only performed without SCi. group 
2 animals (SCi-curcumin group) were given a SCi 
and received 200 mg/kg curcumin (Sigma-aldrich, 
St. Louis, missouri, uSa) once a day by intraperi-
toneal injection from the day of injury to 7th day 
after injury. group 3 animals (SCi-vehicle group) 
were treated with vehicle only by intraperitoneal 
injection for 7 days following SCi.

The surgical technique used for SCi in rats has 
been previously described by the authors.13) rats 
were anesthetized via intraperitoneal injection of 
a mixture of xylazine (10 mg/kg) and ketamine 
(60 mg/kg). after laminectomy at T9, a modified 
aneurysm clip with a closing force of 30 grams 
(aesculap, Tuttlingen, germany) was applied verti-
cally onto the exposed spinal cord for a 2-minute 
compression. For the sham controls the same surgical 
procedure was followed without clip compression. 
rats were housed in pairs at an ambient tempera-

ture of 22–25oC in an alternating 12-hour light/dark 
cycle. Bladders were manually emptied twice daily 
until spontaneous voiding occurred (usually within 
7–10 days). The curcumin dose of 200 mg/kg/day 
was similar to doses used in previous studies26) and 
it dissolved in 1.0 mL dimethyl sulfoxide (DmSo) 
before intraperitoneal injection.

on 7th day after injury, we collected blood samples 
after 12 hours of curcumin injection. Blood samples were 
collected by cardiac puncture into heparin-containing 
vials for plasma isolation. Plasma was separated by 
centrifugation (at 1,500×g) for the measurement of 
plasma levels of mDa and SoD. To evaluate histo-
logical changes, the animals were sacrificed and the 
spinal cords were collected 2 weeks after SCi.

II. Locomotor and behavior analyses
The rats were tested for functional deficits each 

week for 2 weeks after the surgery using the open 
field locomotor rating scale developed by Basso, 
Beattie, and Bresnahan (the BBB score).27) Two evalu-
ators who were unaware of the group allocations 
and previous functional scores observed each animal 
for 1 minute. Functional scores for each hind limb 
were recorded and averaged.

III. Histopathological examination
Fourteen days after SCi, six rats from each of the 

three groups were sacrificed. Following decapitation, 
a 1.5 cm segment of the spinal cord centered at the 
injury site was immediately harvested from the verte-
bral canal and postfixed in 10% formalin overnight. 
The portion of the spinal cord was divided into  
seven segments (6, 4, and 2 mm rostral to the lesion; 
lesion epicenter; and 2, 4, and 6 mm caudal to the 
lesion) at 2 mm intervals from the lesion epicenter. 
representative sections were sliced into 5 μm-thick 
sections on the transverse plane and stained with 
hematoxylin-eosin. For quantitative evaluation of 
spared tissue and cavity areas, 20 sequential slides 
of the serial sections were obtained from repre-
sentative segments. The tissues were examined and 
photographed using a Zeiss axioplan microscope 
(Carl Zeiss meditec incorporation, Jena, germany) 
with high power differential interference contrast 
(DiC) optics. The area of cavitation and total spared 
tissue area of each section were traced and measured 
using axio Vision 4 software (Carl Zeiss). The total 
cavity volume was calculated by summation of the 
measured cavity area of each section multiplied by 
the intersection distance.

IV. Immunohistochemistry (IHC) analysis
Six rats from each of the three groups were 

anesthetized and were intracardially perfused 
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with 4% paraformaldehyde in 0.1 m sodium 
phosphate buffer (PB, ph = 7.4). Spinal cord 
tissues were sectioned at a thickness of 30 μm 
on a cryostat, and sections were floated on the 
surface of 0.1 m PB. To detect eD-1 (marker for 
activated macrophages), spinal cord sections were 
blocked with 4% normal serum in 0.5% Triton 
X-100 for 1 hour at room temperature, incubated 
overnight at 4°C with a 1:500 dilution of mouse 
monoclonal anti-rat eD-1 (Serotec, oxford, uK) 
and a 1:250 dilution of mouse monoclonal anti-
rat eD-2 (Serotec). The sections were incubated 
in a 1:200 dilution of biotinylated anti-mouse igg 
(Sigma-aldrich) and a 1:200 dilution of anti-rabbit 
igg (Vector Laboratory, Burlingame, California, 
uSa) in 0.1 m PB containing 4% normal serum 
and 0.5% Triton X-100 at 25°C for 2 hours. The 
sections were then incubated in a 1:50 dilution of 
avidin-biotinylated horseradish peroxidase (Vector 
Laboratory) in 0.1 m PB for 2 hours. Finally, 
staining was visualized through reaction with 3, 
3’-diaminobenzidine tetrahydrochloride (DaB) 
and hydrogen peroxide in 0.25 m Tris for 3–10 
minutes using a DaB reagent set (Kirkegaard & 
Perry, gaithersburg, maryland, uSa).

The labeled cells were identified and counted 
using the ihC staining slices from 6 mm rostral and  
caudal to the lesion epicenter. The labeled tissues 
were photographed using a Zeiss axiopan micro-
scope with high power DiC optics (Carl Zeiss). 
For comparison, labeled cells were counted in 48 
sampled areas in both the gray and white matter, 
respectively (each 250 × 250 µm field). Labworks, 
version 4.5, computer-assisted image analyzer (uVP, 
upland, California, uSa) was used for the enumera-
tion of immune-positive cells.

V. Plasma biochemical markers for antioxidation
Plasma mDa levels, the sensitive biomarkers 

for lipid peroxidation (LP), were estimated by 
the nwLSS nwKmDa01 assay (northwest Life 
Science Specialties), and activity was expressed as 
micromoles per gram of protein. SoD activity was 
determined using a superoxide dismutase assay kit 
(catalog no.: 706002-Cayman Chemical, ann arbor, 
michigan, uSa). SoD activity was expressed as 
units per gram of protein.

VI. Statistical analysis
all statistical comparisons were computed using 

SPSS 17.0 (SPSS, Chicago, illinois, uSa). Data are 
expressed as mean ± standard error of the mean 
(Sem). repeated measure analysis of variance 
(anoVa) was used to compare groups. Significance 
was accepted for P values < 0.05.

Results

I. Locomotor and behavioral analysis
The injured rats were assessed for 2 weeks after 

surgically-induced SCi according to the open field 
motor testing using the BBB locomotor rating scale 
(Fig. 1). while all rats exhibited severe functional 
impairment following SCi, the motor function of 
the curcumin-injected rats was markedly better than 
the vehicle-injected rats at 7 days after surgery, 
which was statistically significant (P < 0.05). This 
significance was maintained throughout the experi-
mental period.

II. Lesion cavities
Two weeks following SCi, histological examina-

tion of the injured spinal cords revealed a central 
cavity with severe necrosis at the lesion epicenter. 
The lesions extended over 2 mm rostrally and 4 mm 
caudally, tapering gradually to cavities affecting the 
central and dorsal areas of the spinal cord gray and 
white matter (Fig. 2). in curcumin-treated rats, the 
area of the preserved tissue at the lesion epicenter was 
significantly increased compared to that of the rats that 
received vehicle solution only (P = 0.006; Fig. 3a).  
The cavitation volumes were 2.21 ± 0.31 mm3 and 
1.18 ± 0.20 mm3 in the vehicle- and curcumin-treated 
group, respectively. The difference was significant 
(P = 0.039; Fig. 3B).

III. Immunohistochemistry (IHC) analysis
Decreased immunoreactivity of the eD-1 macrophage 

marker was evident in the curcumin-injected group, 
while immunoreactivity was pronounced in the 
vehicle-injected group (Figs. 4, 5). The separate 
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Fig. 1 Neurological function of rats after SCI between 
curcumin- and vehicle-injected groups, assessed by 
the BBB locomotor rating scale. Curcumin improved 
functional recovery after SCI. The error bars indicate 
the standard error of the mean. * indicates P < 0.05 on 
Days 7, 10, and 14 (n = 8/group). BBB: Basso, Beattie, 
and Bresnahan, SCI: spinal cord injury.
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Fig. 2 Representative spinal cord sections stained with hematoxylin and eosin showing the cavities at 2 weeks 
after T9 clip compression injury taken at the epicenter and at 2 mm increments rostral and caudal in a rat 
receiving vehicle and a rat treated with curcumin. Larger cavitation was evident in vehicle-injected group than 
the curcumin-injected group, a progressive diminishment with distance from the epicenter of the lesion. SCI: 
spinal cord injury. 

analysis of the gray and white matter revealed a 
quantitatively similar level of immunoreactivity of 
eD-1 in the same group, but the number of eD-1 
immunoreactive cells was considerably dissimilar 
between curcumin-treated and control rats (P = 
0.001). within 4 mm rostral and caudal from the 
injury site, eD-1 expression was too great to allow 
comparison of the two groups. in addition, injury-
induced cavities were present < 4 mm from each 
epicenter in the injured spinal cords. Thus, we 
compared ihC staining at distances further removed 

from the injury sites (6 mm).

IV. Plasma biochemical markers for antioxidation
SoD activity in the vehicle-injected group was 

significantly reduced as compared to the sham group 
(P < 0.05 at both 1 and 2 weeks after SCi). SoD 
activity in the curcumin-treated group was signifi-
cantly elevated when compared to the vehicle-treated 
group but was not significantly different from the 
sham group (P < 0.05, P ≥ 0.05, respectively) at 1 
and 2 weeks after SCi.
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Fig. 3 Curcumin improves spinal cord tissue sparing after SCI. A: Measurements of the average area of preserved 
cord tissues at the injury epicenter and adjacent sections at an interval of 2 mm up to 6 mm rostrally and caudally. 
B: Histogram showing the cavitation volume of the spinal cord lesion in both groups. There was a considerable 
reduction of the cavity volumes in the curcumin-treated group compared to the vehicle-injected group. The error 
bars indicate standard error of the mean. * indicates P < 0.05 for curcumin-injected groups vs. vehicle-injected 
groups after SCI. R: rostral, C: caudal (n = 4/group), SCI: spinal cord injury.
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mDa levels were significantly elevated in the 
vehicle-injected group as compared to the sham 
group (P < 0.05 at 1 and 2 weeks). mDa activity 
in the curcumin-injected group was significantly 
reduced when compared to the vehicle-injected 
group (P = 0.004) at 2 weeks after SCi. The results 
are shown in Fig. 6.

Discussion

Traumatic SCi typically leads to permanent neuro-
logical deficits in motor and sensory systems.1,2,25) 
many of the pathological changes after a SCi are 
secondary to the initial impact, and are active 
biological processes, including local inflammation, 
production of free radicals, and hyperoxidation.25) 

Fig. 4 Representative photographs of ED-1 immunoreactive cells from SCI to sham animals at 6 mm both rostral 
and caudal to the lesion epicenter, 40×. Considerable decline of the immunoreactivity of ED-1 was evident in 
both white and gray matter in curcumin-injected groups, while in vehicle-injected group high immunoreactivity 
of ED-1 was evident. Scale bar = 50 μm; 40× magnification. SCI: spinal cord injury.
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Fig. 5 Histogram of the quantification of ED-1 immuno-
reactive cells showing that curcumin treatment decreases 
the number of ED-1 immunoreactive cells at 6 mm both 
rostral and caudal to the lesion epicenter. The error 
bars indicate standard error of the mean. * indicates 
P < 0.05 (n = 8/group). SCI: spinal cord injury, SOD: 
superoxide dismutase.
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Fig. 6 The antioxidant effect of curcumin treatment on 
levels of SOD and MDA at one and two weeks after SCI. 
A: Histogram of SOD activity showing that curcumin 
treatment increases the level of SOD. B: Histogram of 
MDA activity showing that curcumin treatment decreases 
the level of MDA. The error bars indicate standard error 
of the mean. * and # indicates P < 0.05 (n = 8/group). 
MDA: malondialdehyde, SCI: spinal cord injury, SOD: 
superoxide dismutase.
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many investigators suggested that the extent of 
damage following SCi might be reduced by early 
neuroprotective intervention soon after SCi and thus 
recently has been the subject of much research.

in experimental animal SCi models, many drugs 
targeting diverse pathophysiological mechanisms, 
such as methylprednisolone, minocycline, erythro-
poietin, valproic acid and statins have been shown 
to have neuroprotective properties.9,13,28–32) however, 
these drugs are only modestly effective, and their 
use in the clinical treatment of SCi is debated.2,7–13) 
although methylprednisolone has been clinically 
approved for the treatment of SCi, high-dose ster-
oids may produce complications which can be 
detrimental in their long-term use.2,7,8) Therefore, 
there is an increasing interest in the discovery of 
natural substances that may limit the successive 
secondary injuries following SCi and restore the 
damaged spinal cord. These natural substances have 
promising potential for the treatment of SCi.

Curcumin, which has been used for centuries as a 
dietary spice and as a traditional indian medicine,  
is well known as a multifunctional drug with a 
wide range of pharmacological properties, including 
anti-inflammatory, antioxidant, and anticancerous 
effects.14–24) in a recent study by al-omar et al., 
treatment with curcumin (200 mg/kg/day, intra-
peritoneal) at three different times (immediately, 
3 hours, and 24 hours after ischemia) significantly 
reduced neuronal damage 7 days after transient 
forebrain ischemia in a rat model.22) Thiyagarajan 
and Sharma also demonstrated the neuroprotective 
potential of curcumin in cerebral ischemia and 
showed that this effect is mediated through its anti-
oxidant activity.24) however, there are few studies 
regarding the therapeutic potential of curcumin  
in SCi.

according to one recent study by Lin et al.,25) 
curcumin significantly protected neurons after SCi as 
compared to the treatment with a vehicle. Furthermore, 
7 days after SCi, apoptosis, as detected by TuneL 
(terminal deoxynucleotidyl transferase duTP nick 
end labeling), was reduced in a curcumin-treated 
group in comparison to a vehicle-treated group. Thus, 
these researchers concluded that the neuroprotec-
tion observed with curcumin treatment after spinal 
cord hemisection may be due to an anti-apoptotic 
effect and the prevention of neuronal damage. in the 
present study, we achieved similar results to previous 
studies. The area of preserved tissue at the lesion 
epicenter in curcumin-treated rats in our model 
was significantly increased compared to that of the 
rats that received only vehicle (P = 0.006; Fig. 3a). 
also, the cavitation volumes were 2.21 ± 0.31 mm3 
and 1.18 ± 0.20 mm3 in the vehicle- and curcumin-

treated group, respectively (P = 0.039; Fig. 3B).  
Theses histopathologic results have relevance to 
the functional outcomes. The motor function of the 
curcumin-injected rats was markedly better than the 
vehicle-injected rats at 7 days after surgery, which 
was statistically significant (P < 0.05).

major secondary deleterious mechanisms after 
traumatic injury include attack on the cell membrane 
by free radicals and LP used as an indicator of 
oxidative stress in cells and tissues. mDa is one of 
the reactive carbonyl compounds, and measurement 
of mDa is widely used as an indicator of lipid 
peroxidation.26,33,34) SoDs are a class of enzymes 
that catalyze the dismutation of superoxide into 
oxygen and hydrogen peroxide.35) as such, SoDs 
are an important antioxidant defense in nearly 
all cells exposed to oxygen. Cemil et al. demon-
strated the neuroprotective effects of curcumin in 
an experimental SCi model,26) and in their study 
the SoD activity in the curcumin treated group 
was significantly increased when compared to 
the trauma-only group (P < 0.05). By increasing 
tissue levels of glutathione peroxidase, SoD, and 
catalase, curcumin seemed to reduce the effects of 
injury to the spinal cord, which may be beneficial 
for neuronal survival. Light microscopy results 
also showed preservation of tissue structure in the 
curcumin treatment group.26)

in our study, we assessed LP induced by oxygen-free 
radicals. in the curcumin-treated group at 2 weeks,  
mDa activity was significantly reduced as compared 
to the vehicle-injected group. on the contrary, SoD 
activity in the curcumin-treated group was significantly 
elevated when compared to the vehicle-treated group. 
our results are consistent with a previous study,26) 
where they indicate that treatment with curcumin 
may decrease secondary deleterious cellular damage 
after traumatic SCi.

it is well known that, following SCi, a pronounced 
cellular inflammatory reaction occurs, which is char-
acterized by the accumulation of activated microglia 
and macrophages.36) as mentioned above, the turmeric 
plant has been used for centuries as a traditional 
indian medicine with anti-inflammatory proper-
ties.17,18) recently, it has been demonstrated that the 
anti-inflammatory activity of curcumin is primarily 
due to the inhibition of arachidonic acid metabolism, 
cyclo-oxygenase, cytokines (interleukins and tumor 
necrosis factor), and nuclear factor-κB.15,16,19) in our 
study, we compared the activity of eD-1 (a marker for 
activated macrophage) between the curcumin-treated 
group and the vehicle-injected group. Compared to 
the control group, the curcumin-treated group had 
on average 27.1% less eD-1 activity at 2 weeks after 
SCi, which was consistent with a previous study.19)
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our study had some limitations. The first limita-
tion was that the levels of mDa and SoD were only 
plasma, and not traumatized tissue. Plasma assay is 
not specific to events happening within the spinal 
cord. however, tissue assay could not show time-
dependent changes of mDa and SoD in same tissue, 
and plasma assay had a similar tendency with central 
nervous system tissue.37) Therefore, we checked the 
tissue analysis to evaluate of mDa and SoD. The 
second limitation was that the functional outcomes 
were checked in two weeks. it is not clear from this 
data whether these benefits would be sustained or 
if they were only temporary. however, we evaluated 
both the histological findings and functional outcome. 
Tissue preservation and cavitation volumes are 
more clear evidence, so we are able to suggest that 
treatment with curcumin enhances early functional 
recovery after SCi and decreases cavitation volume.

Conclusion

This study demonstrated that treatment with curcumin 
enhances early functional recovery after SCi by 
diminishing cavitation volume, anti-inflammatory 
reactions, and antioxidant activity. Further studies are 
needed to verify the potential benefits of curcumin 
treatment after SCi and to clarify the therapeutic 
window, dosage, and duration of treatment.
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