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Antioxidant effects of curcumin in spinal cord injury in rats
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AMAÇ
Bu deneysel çalışma, sıçanlarda spinal kord yaralanmasın-
da curcuminin antioksidan etki yoluyla faydasını araştır-
mak için yapıldı.

GEREÇ VE YÖNTEM
Yirmi dört adet Wistar albino sıçan 3 gruba randomize edil-
di. Spinal kord yaralanması ağırlık düşürme modeliyle ger-
çekleştirildi. Grup 1’e laminektomi ardından spinal kord ya-
ralanması uygulandı ve herhangi bir tedavi verilmedi. Grup 
2’ye laminektomi ardından spinal kord yaralanması uygu-
landı ve curcumin verildi (200 mg/kg/gün ağızdan). Grup 
3’e laminektomi ardından spinal kord yaralanması uygulan-
dı ve metilprednizolon verildi (30 mg/kg periton içine), 24 
saat sonra tüm sıçanlardan kan örnekleri alındı, sonra se-
rum süperoksit dismutaz (SOD) ve malondialdehit (MDA) 
düzeyleri belirlendi ve elde edilen sonuçlar karşılaştırıldı.

BULGULAR
Curcumin grubunda SOD düzeyi kontrol ve metilpred-
nizolon grubundan daha yüksekti (p<0,001 ve p<0,012). 
Curcumin grubunda MDA düzeyi kontrol grubundan daha 
düşüktü (p<0,042). Benzer şekilde metilprednizolon gru-
bunda MDA düzeyi kontrol grubundan daha düşüktü 
(p<0,001).

SONUÇ
Bu çalışmanın sonuçları curcuminin etkin biçimde oksi-
datif hasara karşı spinal kord dokularını koruduğunu gös-
terir.
Anahtar Sözcükler: Antioksidan; curcumin; malondialdehit; spinal 
kord yaralanması; süperoksit dismutaz.

BACKGROUND
This experimental study was performed to investigate the 
benefit of curcumin via its antioxidant effect on spinal cord 
injury (SCI) in rats.

METHODS
Twenty-four adult Wistar albino rats were randomized 
into three groups. SCI was performed by the weight-drop 
model. Group 1 underwent laminectomy followed by SCI 
and received no medication. Group 2 underwent laminec-
tomy followed by SCI and received curcumin (200 mg/
kg/day orally). Group 3 underwent laminectomy followed 
by SCI and received methylprednisolone (30 mg/kg intra-
peritoneally). Twenty-four hours later, blood samples were 
obtained from all rats; serum superoxide dismutase (SOD) 
and malondialdehyde (MDA) levels were determined, and 
the obtained results were compared.

RESULTS
SOD level in the curcumin group was higher than in the 
control group (p<0.000) and methylprednisolone group 
(p<0.012). MDA level in the curcumin group was lower 
than in the control group (p<0.042). Similarly, the MDA 
level in the methylprednisolone group was lower than in 
the control group (p<0.001).

CONCLUSION
The results of the present study show that curcumin ef-
fectively protects the spinal cord tissues against oxidative 
damage. 
Key Words: Antioxidant; curcumin; malondialdehyde; spinal cord 
injury; superoxide dismutase.
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Spinal cord injury (SCI) is one of the most devas-
tating conditions that affects both patients and society.
[1,2] SCI mainly occurs via two mechanisms as primary 
and secondary injury. Secondary injury after the pri-
mary impact includes different pathophysiological 
and biochemical events.[3-13] Oxygen-derived free radi-
cals have been implicated in the pathogenesis of spinal 
cord neuronal injury after trauma. Decreasing the level 
of oxidative stress minimizes the secondary destruc-
tion effect after traumatic injury.[10]

Methylprednisolone is a pharmacological agent 
that has clinically proven useful effects on functional 
recovery following SCI.[3,4] Additionally, curcumin 
has been shown to have various clinical and experi-
mental beneficial effects. The protective effect of cur-
cumin on induced tissue damage due to free radicals 
has been observed previously in a number of experi-
mental models.[14-17] Previous studies have demonstrat-
ed that curcumin also exhibits an antioxidant property 
as well as anti-inflammatory, immunomodulatory, an-
ticancer, and antiangiogenic properties via its pleio-
tropic effects on genes and cell-signaling pathways 
at multiple levels.[18] A recent experimental SCI study 
showed that curcumin blocked apoptosis and neuron 
loss, restrained astrocyte activation, and significantly 
improved neurologic deficit. By down-regulating glial 
fibrillary acidic protein expression, curcumin seems to 
diminish astrocyte reactivation, which may be useful 
for neuronal survival.[19]

The objective of our study was to determine the 
antioxidant effects of curcumin in rats with SCI. We 
also aimed to compare the effects of curcumin with 
those of methylprednisolone.

MATERIALS AND METHODS
Twenty-four male Wistar albino rats (250-270 g) 

were used in the study. All the protocols were ap-
proved by the institutional animal ethics committee. 
The rats in each group were kept in separate cages in 
rooms with controlled light and temperature and were 
fed standard chow and water ad libitum. The animals 
were anesthetized by an intraperitoneal injection of 10 
mg/kg xylazine (Rompun, Bayer Turk Kimya Sanayii 
Limited Sirketi, Istanbul, Turkey) and 50 mg/kg ket-
amine hydrochloride (Ketalar, Pfizer Ilacları Limited 
Sirketi, Istanbul, Turkey). Rats were positioned on a 
thermistor-controlled heating pad in the prone position 
and a rectal probe was inserted. Surgical procedures 
were performed under sterile conditions with the as-
sistance of a surgical microscope. Following T5-12 
midline skin incision and paravertebral muscle dis-
section, spinous processes and laminar arcs of T7-10 
were removed. The dura was left intact. Weight-drop 
model was performed for SCI.[4,20,21] The animals were 
subjected to an impact of 50 g/cm to the dorsal surface 

of the spinal cord. The force was applied via a stain-
less steel rod (3 mm diameter tip, weight 5 g) that was 
rounded at the surface. The rod was dropped vertically 
through a 10 cm guide tube that was positioned per-
pendicular to the center of the spinal cord. Afterwards, 
the muscles and the incision were sutured with 6-0 
Vicryl (Vicryl, Ethicon, Johnson & Johnson Intl, Lan-
neke Marelaan, Belgium). 

The rats were randomized into three groups of 8 
rats each. Group 1 underwent laminectomy followed 
by SCI and did not receive medication. Group 2 un-
derwent laminectomy followed by SCI and received 
curcumin 200 mg/kg/day orally.[22-24] Group 3 un-
derwent laminectomy followed by SCI and received 
methylprednisolone (Prednol-L, Mustafa Nevzat Ilac 
Sanayi Anonim Sirketi, Istanbul, Turkey) intraperi-
toneally at a single dose of 30 mg/kg. Following the 
surgical procedure, the rats were placed in a warming 
chamber and their body temperatures were maintained 
at approximately 37°C until they were completely 
awake. In the early postoperative period, the rats re-
ceived 3 ml of saline intraperitoneally to compensate 
for the blood loss during the surgical procedure, while 
the water intake was limited. 

Biochemical Analysis
Twenty-four hours later, blood samples were ob-

tained from all rats. The blood samples were imme-
diately frozen and stored in a -20°C freezer for assays 
of malondialdehyde (MDA) and superoxide dismutase 
(SOD) levels. SOD activity was assayed according to 
the method of Sun et al.[25] Blood samples were mixed 
with the same ratio of chloroform and ethanol mixture 
(3/5 v/v). This mixture was then centrifuged at 5000 × 
g for 2 hours (h). This assay for SOD activity involves 
xanthine oxidase used as superoxide, and the results 
were expressed as unit per ml. One unit of SOD is de-
fined as the amount of protein that inhibits the rate of 
nitroblue tetrazolium reduction by 50%.

The levels of the end product of lipid peroxidation, 
serum MDA, were determined by thiobarbituric acid 
(TBA) test in which 1,1,3,3-tetraethoxypropane was 
used as standard. The TBA test is based upon the prin-
ciple of calorimetrically measured concentration of the 
pink product at 535 nm wavelength, which is formed 
as a result of the reaction of TBA with lipid peroxides 
(MDA), which are called TBA reactive substances. 
The results were expressed as nmol MDA/ml.[26]

Statistical Analysis
For statistical evaluation, we used the software 

package SPSS 15.0, and probability value of less than 
0.05 was accepted as statistically significant. As the 
data were normally distributed and independent, sta-
tistical analysis was performed using analysis of vari-
ance (ANOVA) followed by Tukey test when com-
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paring groups. The results are given as the mean ± 
standard deviation of the mean (SD).

RESULTS
SOD level in the curcumin group was higher than 

in the control group (p<0.001) and methylpredniso-
lone group (p<0.012) (Fig. 1). The MDA level in the 
curcumin group was lower than in the control group 
(p<0.042). Similarly, the MDA level in the meth-
ylprednisolone group was lower than in the control 
group (p<0.001) (Fig. 2).

For all groups, SOD and MDA levels are shown as 
mean ± SD in Table 1. 

DISCUSSION
In our study, serum SOD levels were found to be 

significantly increased in the curcumin group when 
compared to the control group and methylpredniso-
lone group. Furthermore, curcumin reduced serum 
MDA, which is an indicator of lipid peroxidation, 
with respect to the control group. Spinal cord trauma 
results in a rapid and extensive oxidative stress. It 
has long been established that oxidative stress plays 
a critical role in the pathophysiology of SCI[27-29] Oxi-

dative stress can result from increased reactive oxy-
gen species (ROS) production, and/or from decreased 
ROS scavenging capability. The cells’ natural protec-
tive system against the devastating actions of ROS 
includes the protective enzymes including SOD and 
other antioxidants. It is believed to play important 
roles in reversing the pathological damage caused 
by SCI. Prime targets of ROS attack are the polyun-
saturated fatty acids (PUFA) in the membrane lipids 
causing lipid peroxidation, which may lead to disorga-
nization of cell structure and function. Further, decom-
position of peroxidized lipids yields a wide variety of 
end products, including MDA.[30] ROS are cleared via 
enzymatic, including SOD, and nonenzymatic antioxi-
dative mechanisms. SOD is a protective enzyme that 
can efficiently and specifically scavenge the superox-
ide radical by catalyzing its dismutation to hydrogen 
peroxide and oxygen. Lipid peroxidation is the main 
cause of the further secondary damage that starts after 
mechanical destruction of tissues.[3,4,11,31] Lipid peroxi-
dation products increase immediately after SCI, and 
the peak concentrations of ROS and nitrogen species 
occur within the first 24 hours.[4] In this study, we de-
termined oxidative injury in the spinal cord during 

7 3

8
4

Group 1 Group 1Group 2 Group 2Group 3 Group 3

9

5

10

6SO
D

 (U
/m

l)

M
D

A
 (n

m
ol

 M
D

A
/m

l)

11

7

12

8

9

10

Fig. 1. SOD level differences between groups. Fig. 2. MDA level differences between groups.

Table 1.	 SOD and MDA levels (mean ± SD)

	 SOD	 MDA
	 (U/ml)	 (nmol MDA/ml)

Group 1 (control)	 8.61±0.50	 7.35±1.43b

Group 2 (curcumin)	 10.42±0.61a	 5.75±0.82
Group 3 (methylprednisolone)	 9.21±0.69	 4.49±0.57
p values
aGroup 1 and 2 p<0.000	 bGroup 1 and 2 p<0.042
 Group 2 and 3 p<0.012	 Group 1 and 3 p<0.001
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SCI by measuring MDA concentration, since it is the 
end product of lipid peroxidation. MDA is the break-
down product of the major chain reactions leading to 
the oxidation of PUFA, and thus, serves as a reliable 
marker of oxidative stress-mediated lipid peroxida-
tion.[32] Measurement of SOD provides information 
about the antioxidant capacity of the organism.[33] Al-
though it is difficult to limit the primary injury, there is 
increasing evidence of the possibility of lowering the 
impact of the secondary injury, using pharmacological 
strategies.[3,34-36] Antioxidant treatments decrease dam-
age due to SCI by reducing oxidative stress.[4] Recent 
studies have shown that curcumin has neuroprotective 
properties.[37-41] In this study, we aimed to investigate 
the effect of curcumin treatment in SCI on the oxi-
dant and anti-oxidant enzyme systems. Curcumin is a 
well-known neuroprotective agent. It is a phytochemi-
cal compound extracted from the rhizome of C. longa 
Linn. Curcumin is one of the most potent and specific 
antioxidants for hydroxyl radicals, and it acts as a po-
tent scavenger of free radicals.[42] Considering these 
functions of curcumin, we attempted to use curcumin 
as a potential protector of neurons against SCI. Cur-
cumin is easily available, inexpensive, and has proven 
to be non-toxic even when administered at high doses.
[43] Various studies have clearly pointed out that meth-
ylprednisolone enhances functional recovery and in-
duces regenerative responses after SCI in humans and 
experimental animals,[2,4] but it is not effective enough 
and is sometimes associated with some side effects. 
Since methylprednisolone is the only agent shown to 
have beneficial effects after SCI, it was used in this 
study to compare the treatment results with curcumin. 
Our study on the oxidative stress showed that cur-
cumin possesses significant antioxidant activity by in-
creasing SOD and reducing MDA, which is an index 
of lipid peroxidation that reflects the present oxidative 
status. Therefore, we consider that curcumin may be 
used in combination with high-dose methylpredniso-
lone in SCI. These results clearly suggest the potential 
effect of curcumin to reduce the damage due to SCI 
injury in rats.
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