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Introduction

The pathophysiology of acute spinal cord injury (SCI) involves a 
complex cascade of secondary neurodegenerative events, including 
oxidative stress, which are initiated by the primary injury (1, 2). 
Secondary injury processes not only exacerbate the pathology at the 
primary injury site, but also result in the spreading of injuries to the 
otherwise healthy adjacent tissue (3). Lipid peroxidation is the main 
cause of the further secondary damage, which starts after mechani-

cal destruction of tissues (4, 5). A wide variety of end products are 
released after decomposition of peroxidized lipids (6). MDA is a well-
known secondary product of lipid peroxidation in spinal myelin, glial 
and neural membranes (7). Caffeic acid phenethyl ester (CAPE), one of 
the major components of honeybee propolis, was recently found to be 
a potent free radical scavenger antioxidant and is used in folk medi-
cine (8, 9). In this study, we aimed to investigate the effects of caffeic 
acid phenethyl ester on the prevention of secondary damage in spinal 
cord injury via determination of malondialdehyde levels in rats.

Abstract
Objective: The aim of this study was to investigate the eff ects of caff eic acid 
phenethyl ester on prevention of secondary damage in spinal cord injury 
through determination of malondialdehyde levels in rats.
Materials and Methods: Thirty adult Wistar albino rats were randomized into 
three groups. Spinal cord injury was performed by the weight-drop model. 
Group 1 (control) underwent laminectomy followed by spinal cord injury and 
received no medication. Group 2 underwent laminectomy followed by spi-
nal cord injury and received caff eic acid phenethyl ester (10 micromol/kg). 
Group 3 underwent laminectomy followed by spinal cord injury and received 
methylprednisolone (30 mg/kg) intraperitoneally. Twenty four hours later, 
blood samples were obtained, then serum malondialdehyde levels were de-
termined and results were compared.  
Results: Malondialdehyde levels in the control group was higher than the caf-
feic acid phenethyl ester and methylprednisolone groups (respectively Group 
1 and 2 p <0.003 Group 1 and 3 p<0.001). Furthermore,malondialdehyde lev-
els in the  methylprednisolone group were lower than the caff eic acid phene-
thyl ester group (Grup 2 ve 3 p<0.036).
Conclusion: In our study, caff eic acid phenethyl ester decreased MDA levels 
compared to the control group, however the lowest MDA levels were deter-
mined in the methylprednisolone group. Based on these results, , caff eic acid 
phenethyl ester may be another neuroprotective agent in spinal cord injury 
in addition to methylprednisolone. (JAEM 2010; 9: 121-3)
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Özet
Amaç: Bu çalışmanın amacı ratlarda kafeik asit fenetil esterin serum malon-
dialdehit düzeylerini belirleme yoluyla spinal kord yaralanmasında sekonder 
hasarı önleme üzerine etkilerini araştırmaktı.
Gereç ve Yöntemler: Otuz adet Wistar albino rat randomize olarak üç gruba 
ayrıldı. Ağırlık düşürme modeliyle spinal kord yaralanması oluşturuldu. Grup 
1 (kontrol) laminektomi ve spinal kord yaralanması yapıldı, ancak tedavi ve-
rilmedi. Grup 2 laminektomi ve spinal kord yaralanması yapıldı, kafeik asit 
fenetil ester (10 micromol/kg) verildi. Grup 3 laminektomi ve spinal kord yara-
lanması yapıldı, methylprednisolone (30 mg/kg) verildi. Yirmi dört saat sonra 
ratlardan kan örnekleri alınarak serum malondialdehit düzeyleri belirlendi ve 
sonuçlar karşılaştırıldı.  
Bulgular: kontrol grubunda malondialdehit düzeyleri kafeik asit fenetil ester 
ve metilprednizolon grubundan daha yüksekti (sırasıyla Grup 1 ve 2 p<0.036).
Sonuç: Bizim çalışmamızda kafeik asit fenetil ester, kontrol grubuyla karşılaş-
tırıldığında MDA düzeylerini azalttı, ancak en düşük MDA düzeyleri metilp-
rednizolon grubunda belirlendi. Bu bulgulara dayanarak, metilprednizolona 
ilaveten kafeik asit fenetil esterin spinal kord yaralanmasında diğer bir nörop-
rotektif ajan olabilir. (JAEM 2010; 9: 121-3)
Anahtar kelimeler: Kafeik asit fenetil ester, spinal kord yaralanması, malon-
dialdehit
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Methods

Thirty male Wistar albino rats (250-300 g) were used in the study. 
All the protocols were approved by the institutional animal ethics 
committee. The rats in each group were kept in separate cages in 
rooms with controlled light and temperature. They were fed on stan-
dard chow and water ad libidum. The animals were anesthetized by 
an intraperitoneal injection of 10 mg/kg xylasine (Rompun, Bayer 
Turk Kimya Sanayii Limited Sirketi, Istanbul, Turkey) and 50 mg/kg 
ketamine hydrochloride (Ketalar, Pfizer Ilaclari 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 assistance of a surgical microscope. Following a T5-12 midline 
skin incision and paravertebral muscle dissection, the spinous pro-
cesses and laminar arcs of T7-10 were removed. The dura was left 
intact. Weight-drop model was performed for SCI (1). 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 stainless steel rod (3-mm 
diameter tip, weighing 5g) which was rounded at the surface. The 
rod was dropped vertically through a 10-cm guide tube positioned 
perpendicular to the center of the spinal cord. Afterwards, the mus-
cles and incision were sutured with 6-0 vicryl (Vicryl, Ethicon, 
Johnson& Johnson Intl, Lanneke Marelaan, Belgium). 

The rats were randomized into three groups each having 10 rats. 
Group 1 underwent laminectomy followed by SCI and received no 
medication. Group 2 underwent laminectomy followed by spinal 
cord injury and received CAPE (10 micromol/kg) intraperitoneally. 
Group 3 underwent laminectomy followed by SCI and immediately 
followed by methylprednisolone (Prednol-L, Mustafa Nevzat Ilac 
Sanayi Anonim Sirketi, Istanbul, Turkey) intraperitoneally in 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 oC until they were completely 
awake. In the early postoperative period, the rats received 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 obtained from all 

rats. The blood samples were immediately frozen and stored in a 
-20ºC freezer for assays of MDA levels. 

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 principle 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), called TBA reactive 
substances. The results were expressed as nmol MDA/ml (10).

Statistical analysis
For statistical evaluation, we used the software package SPSS 

15.0 and a probability value of less than 0.05 was accepted as sta-
tistically significant. Statistical analysis was performed using analy-
sis of variance (ANOVA) followed by Tukey test when comparing 
groups. The results are given as the mean ± Standard deviation of 
the mean (SD).

Results

MDA levels in the control group were higher than the CAPE and 
methylprednisolone group (respectively Group 1 and 2 p<0.003; 
Group 1 and 3 p<0.001). On the other hand, MDA levels in the meth-
ylprednisolone group were lower than the CAPE group (Grup 2 and 
3 p<0.036).

For all groups; MDA levels are given as mean±SD in Table 1. 
Differences of MDA levels in all groups are shown graphically in 
Figure 1.

Discussion

In our study, serum MDA levels were found to be significantly 
increased in the control group when compared to the CAPE and 
methylprednisolone groups. 

Spinal cord injury (SCI) resulting from trauma mainly occurs by 
two mechanisms; primary and secondary injury (1, 2, 11). Secondary 
injury after the primary impact includes different pathophysiological 
and biochemical events, such as lipid peroxidation.

Oxidative stress can result from increased reactive oxygen spe-
cies (ROS ) production, and/or from decreased ROS scavenging capa-
bility. Prime targets of ROS attack are the polyunsaturated fatty acids 
(PUFA) in the membrane lipids causing lipid peroxidation, which may 
lead to disorganization of cell structure and function. Lipid peroxida-
tion products increase immediately after SCI and the peak concen-

Figure 1. Differences of MDA in groups
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Group 1 (control) 7.71±1.16 
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Table 1. Serum MDA levels (mean±SD)
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trations of reactive oxygen and nitrogen species occur within the 
first 24  hours (1). In this study, we determined 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 peroxidation (12). Although it is difficult to limit the 
primary injury, there is increasing evidence regarding the possibility 
of lowering the impact of the secondary injury by using pharmaco-
logical strategies (8, 13, 14). Antioxidant treatments decrease dam-
age of SCI by reducing oxidative stress (1). At a concentration of 10 
μM, CAPE completely blocks production of reactive oxygen species 
(ROS) in human neutrophils and the xanthine/xanthine oxidase sys-
tem. Previous studies have demonstrated that CAPE also exhibits 
antioxidant properties as well as anti-inflammatory, cytostatic, antivi-
ral, antibacterial and antifungal properties (6, 9, 15). In one of these 
studies especially, CAPE ameliorates spinal cord injury by decreasing 
MDA levels, which are signs of oxidative stress (8). Various studies 
have clearly pointed out that methylprednisolone enhances func-
tional recovery and induces regenerative responses after SCI in 
humans and experimental animals (16). Our study demonstrated 
that CAPE decreases MDA levels compared to the control group. 

Our results suggest that, potentially CAPE, like methylpredniso-
lone, may be able to reduce the secondary damage in spinal cord 
injury in rats.

Limitations

We think it is preferable to carry out a histopathological examina-
tion in addition to biochemical analysis in the blunt spinal cord 
injury model. Unfortunately, during the period of this study the tech-
nical facilities of the laboratory were not sufficient. We were there-
fore unable to perform a histopathological examination.
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