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ABSTRACT

Background: Spinal cord injury (SCI) stimulates an inflammatory reaction that causes substantial secondary 
damage inside the injured spinal tissue. The purpose of this study was to determine the anti-inflammatory
effects of epigallocatechin gallate (EGCG) on traumatized spinal cord. Methods: Rats were randomly divided 
into four groups of 12 rats each as follow: sham-operated group, trauma group, and EGCG-treatment groups 
(50 mg/kg, i.p., immediately and 1 hour after SCI). Spinal cord samples were taken 24 hours after injury and 
studied for determination of myeloperoxidase (MPO) activity, histopathological assessment and
immunohistochemistry of tumor necrosis factor-α (TNF-α), interleukin-1β (IL-1β), Nitrotyrosine, inducible 
nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2), and poly(ADP-ribose) polymerase (PARP).
Results: The results showed that MPO activity was significantly decreased in EGCG-treatment groups. 
Attenuated TNF-α, IL-1β, Nitrotyrosine, iNOS, COX-2, and PARP expression could be detected in the EGCG 
treated rats. Also, EGCG attenuated myelin degradation. Conclusion: On the basis of these findings, we 
propose that EGCG may be effective in protecting rat spinal cord from secondary damage by modulating the 
inflammatory reactions. Iran. Biomed. J.  15 (1 & 2): 31-37, 2011
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INTRODUCTION

eurological damages after traumatic spinal 
cord injury (SCI) result from both primary
mechanical injury and secondary 

degeneration process. The outcome of SCI depends 
on the extent of secondary damage mediated by a 
series of cellular, molecular and biochemical
cascades including calcium ion influx, oxygen free 
radical-induced lipid peroxidation, inflammatory
reaction, autoimmune response, vascular events, and
apoptosis [1]. 

In recent years, much attention has been focused 
on secondary injury, because it appears to be 
susceptible to therapeutic interventions that may 
include the use of free radical scavengers and anti-
inflammatory agents. The chemical composition of 
green tea contains many polyphenolic compounds,
generally known as catechins. Catechins have many 
actions such as free radical scavenging/antioxidant 

actions, preventing lipid peroxidation due to 
oxidative stress, modulating apoptotic pathways,
prooxidant properties, and anti-inflammatory effects
[2]. (-)-Epigallocatechin gallate (EGCG) is the most 
abundant composition of the tea catechins and 
thought to be responsible for the majority of 
biological activity of green tea extracts [3]. EGCG 
has been shown to have some protective effects 
against neuronal damage after transient ischemia [2], 
oxidative damage on periventricular white matter in 
hydrocephalic rats [4], suppression of disease 
progression of amyotrophic lateral sclerosis [5],
acute hypoxi [2], iron-induced oxidative stress [2], 
Alzheimer׳s and Parkinson's diseases [6], aging [7], 
and cancer [8]. Also, we recently showed that 
EGCG attenuated neuronal apoptosis and improved
locomotor function after SCI in rats [9], but the 
mechanisms behind these actions have not been fully 
elucidated. 

The aim of the current study was to investigate the 
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potential anti-inflammatory effect of EGCG after 
experimental contusion injury. A better under-
standing of these mechanisms might lead to the 
introduction of the preventive and therapeutic 
strategies in clinical practice. Accordingly, in this 
work, we evaluated the effect of EGCG on the 
activity and expression of the inflammatory criteria 
in the traumatized spinal tissue of rat.

MATERIALS AND METHODS

Animals. Male adult Spargue-Dawley rats (250-
300 g, the Pasteur Institute of Iran, Tehran) were 
used in this study. The animals were kept under 
standard conditions according to the Guidelines of
the University׳s Animal Care Codes to minimize the 
animal's suffering. 

Contusive SCI using the weigh dropping 
technique. The animals were anesthetized with 
ketamine (75 mg/kg i.p.) and xylazine (10 mg/kg 
i.p.). Laminectomy was performed at T9 level 
vertebra; the dorsal surface of the cord was then 
subjected to weight drop impact using a 10-g weight 
dropped from a height of 2.5 cm in order to produce 
contusive SCI. Following the surgery, the recovery 
of the animals was assisted by administering lactated 
ringer׳s solution (12-25 ml) subcutaneously 
immediately after surgery and then by cefazolin (50
µg/kg, Jaber Ibn Hayan, Tehran) which was 
administered twice daily for 3 days. The urinary 
bladders were pressed three times a day until the 
function was retained. The rats were randomly 
allocated in four groups, each containing 12 rats: (i)
sham-operated group, which underwent 
laminectomy alone; (ii) trauma group, which
underwent laminectomy followed by SCI and 
received saline (vehicle); (iii and iv) EGCG
treatment groups, which underwent laminectomy 
followed by SCI and received a 50- mg/kg single 
dose of EGCG (Sigma, USA) i.p. immediately 
(EGCGI) and 1 hour (EGCGII) after trauma,
respectively. Each group of animals was divided into 
2 subgroups: (A) for biochemical analysis (n = 6),
and (B) for histopathological assessment and 
immunohistochemistry (n = 6).

Biochemical analysis. Six rats from each group 
were euthanized, and 1.5 cm traumatized spinal cord 
specimens were removed for biochemical analysis 
24 hours after SCI. The obtained samples were 
thoroughly cleaned of blood and the meninges were 

carefully removed. Then, the tissue samples were 
immediately frozen and stored in a -70°C freezer for 
assays of tissue myeloperoxidase (MPO) activity, an
indicator of polymorphonuclear leukocyte 
accumulation, as previously described by Mullane
[10]. MPO activity was expressed as units of 
MPO/mg of proteins.

Immunohistochemistry. For immunohisto-
chemistry, the sections were incubated in normal
serum (in order to block non-specific site), and then 
with anti-iNOS (inducible nitric oxide synthase) 
rabbit polyclonal antibody (1:50 in PBS, v/v, 
Abcam, England), anti-COX-2 (cyclooxygenase-2) 
rabbit polyclonal antibody (1:100 in PBS, v/v, 
Abcam), anti-PARP [poly(ADP-ribose) polymerase] 
rabbit polyclonal antibody (1:100 in PBS, v/v, 
Abcam), anti-nitrotyrosine rabbit polyclonal 
antibody (1:50 in PBS, v/v, Millipore, France),
Biotin anti-mouse/rat interleukin-1β (IL-1β) 
antibody (10 µg/ml in PBS, w/v, Biolegend), and
finally with anti-rat in PBS, w/v, R&D) at 4°C 
overnight. The sections were washed with PBS, 
incubated with Ultratek HRP (anti-polyvalent)
(ScyTek, USA), streptavidin-HRP (Millipore, 
France), or with HRP conjugated rabbit anti-goat 
secondary antibody (Millipore, France), and then
demonstrated with diaminobenzidine tetrahydro-
chloride for 10 minutes. After wards, they were 
counterstained with hematoxylin, dehydrated, and 
mounted. For negative controls, primary antibodies 
were omitted. For quantitative analysis, immune-
histochemical photographs (n = 5 photos from each 
samples, collected from all rats in each experimental 
group) were assessed by densitometry using 
MacBiophotonics ImageJ 1.41a software on a 
personal computer.

Histopathological assessment. For histopatho-
logical assessment, eight-micrometer tissue sections 
were deparaffinized with xylene, stained with Luxol 
fast blue (used to assess demyelination), and studied 
using light microscopy (Leica DME).

Statistical analysis. Statistical analysis was carried 
out using SPSS package. Results were presented as 
mean values (± SEM). The KS test was used in order 
to evaluate the normality of the data. Also, the 
Tukey׳s multiple comparison tests and the analysis 
of the variance were used in order to compare each
two groups and compare the data among the groups, 
respectively. A value of P<0.05 was considered 
significant.
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Fig. 1. Effects of EGCG on myeloperoxidase (MPO) activity.
The histogram shows the activity of MPO at 24 hours after SCI. 
MPO activity was expressed as units of MPO/mg of 
proteins.*P<0.01 versus sham, **P<0.05 versus trauma, 
#P>0.05 versus EGCGI group.

RESULTS

Effects of EGCG on neutrophil infiltration. The 
histogram of the MPO activity for all groups at 24
hours post-injury has been shown in Figure 1. 
Induction of SCI in trauma produced a significant 
elevation (P<0.01) in MPO activity compared to the 
sham-operated group. The MPO activity in EGCG-
treatment groups were significantly lower than 
trauma group (P<0.05), while the differences 
between EGCG1 and EGCG2 were not significant 
(P>0.05).

Effects of EGCG on expression of TNF-α, IL-1β, 
iNOS, COX-2, PARP, and nitrotyrosine. Figure 2
shows the immunohistochemical staining of TNF-α
(A), IL-1β (B), iNOS (C), COX-2 (D), PARP (E), 
and  nitrotyrosine (F), respectively. Almost no 
positive reaction could be detected in sham-operated

      

      

      
Fig. 2. Immunohistochemical expression of TNF-α, IL-1β, iNOS, COX-2, PARP, and nitrotyrosine. Light photomicrographs show 

TNF-α reactivity (A1, sham; A2, trauma; A3, EGCG), IL-1β reactivity (B1, sham; B2, trauma; B3, EGCG), iNOS reactivity (C1, 
sham; C2, trauma; C3, EGCG), COX-2 reactivity (D1, sham; D2, trauma; D3, EGCG),  PARP reactivity (E1, sham; E2, trauma; E3, 
EGCG), and nitrotyrosine reactivity (F1, sham; F2, trauma; F3, EGCG) 24 hours after injury (counterstained with hematoxylin, 
magnification × 100). The positive staining of the antigens has been presented by brown color.
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Table 1. Densitometry analysis of immunohistochemical photographs for TNF-α, IL-1β, iNOS, COX-2, PARP, and nitrotyrosine.
Experimental 

group TNF-α IL-1β iNOS COX-2 PARP Nitrotyrosine

Sham 0.0044 ± 0.0018 0.0000 ± 0.0000 0.0129 ± 0.0079 0.0794 ± 0.0316 0.0007 ± 0.0004 0.0002 ± 0.0001
Trauma 0.4736 ± 0.0407* 0.4197 ± 0.0767* 1.8342 ± 0.1899* 1.7451 ± 0.2671* 0.1876 ± 0.0142* 0.4219 ± 0.0836*

EGCGI 0.0303 ± 0.0229** 0.0166 ± 0.0095** 1.0151 ± 0.1309** 0.3136 ± 0.0506** 0.0191 ± 0.0043** 0.1166 ± 0.0148**

EGCGII 0.0341 ± 0.0092**# 0.0243 ± 0.0049**# 0.7950 ± 0.2144**# 0.1532 ± 0.0362**# 0.0167 ± 0.0078**# 0.0713 ± 0.0077**#

Data are expressed as a percentage of total tissue area. *P<0.001 versus sham; **P<0.001 versus trauma; #P>0.05 versus EGCGI 
group.

groups for all of the antigens (A1, B1, C1, D1, E1
and F1), whereas the spinal cord sections of 
traumatized rats exhibited an increased positive 
staining for these antigens (A2, B2, C2, D2, E2 and 
F2). EGCG treatment significantly reduced the 
degree of positive staining for all of the antigens 
(A3, B3, C3, D3, E3 and D3). The quantitative 
analysis of the antigen expression in experimental 
groups has been shown in Table 1.

Effects of EGCG on myelin preservation. Myelin 
structure of the spinal cord was clearly stained by 
Luxol fast blue in sham group (Fig. 3A), whereas, a 
significant loss of myelin in dorsal funiculus, site of 
contusion, was observed in the spinal cord sections 
of traumatized rats (Fig. 3B). In EGCG-treated rats, 
myelin degradation was attenuated in the dorsal 
funiculus (Fig. 3C).

DISCUSSION

Secondary auto-destructive processes of SCI have 
a highly debilitating pathology, considered to be a 
number of interrelated processes. Injury to the spinal 
cord provokes a local inflammatory response which 
amplifies the secondary damage. The inflammatory 
response involves noncellular and cellular 
components. It is well documented that the potent 

pro-inflammatory cytokines including TNF-α and 
IL-1β, which are synthesized immediately after 
injury, play detrimental roles in post-traumatic 
injury associated with SCI [11]. TNF-α and IL-1β 
are involved in a wide range of events, including 
neuronal and glial secondary cell death [12], 
vascular permeability [13], recruitment of 
inflammatory cells [14], induction of iNOS [15] and 
cyclooxigenase-2 (COX-2) [16], and glutamate 
excitotoxicity [17] in the injury site. In this regard, it 
has been well demonstrated that the blocking of 
TNF-α or IL-1β confers neuroprotection and 
improves functional recovery following 
experimental SCI [18]. On the other hand, TNF-α 
and IL-1β play a central role in the induction of 
iNOS [15]. iNOS is a one of the three distinct 
enzymes that produces nitric oxide, a free radical gas 
molecule which is known to have a crucial role in 
the development of  the secondary inflammatory 
response and apoptosis following traumatic SCI
[19]. In this regard, some studies have clearly 
demonstrated that attenuation of iNOS expression is 
secondary to a reduced formation of endogenous
TNF-α and IL-1β [18]. Similar to iNOS, the 
expression of COX-2, a enzyme which is involved in 
the generation of some inflammatory mediators, is 
also mediated by TNF-α and IL-1β [16]. COX 
inhibitors can improve functional outcome after 
spinal cord contusion [20]. In this study, we 

Fig. 3. Effects of EGCG on myelin preservation. Photomicrographs of horizontal sections through the lesion epicenter were taken 24
hours after SCI in sham (A), trauma (B), and EGCG (C) groups (stained with Luxol fast blue, magnification ×100).
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demonstrated that EGCG treatments attenuated 
significantly expression of TNF-α and IL-1β, and 
consequently expression of iNOS and COX-2. These 
results are in agreement with our previous study in 
which treatment with EGCG improved motor 
function after SCI. Although the most famous and
widely renowned properties of catechins  have long 
been attributed to the antioxidant and free radical 
scavenging effects [2], emerging evidences have 
shown the neuroprotective effects of the catechins 
against neurodegenerative or neuroinflammatory 
diseases such as Alzheimer׳s disease [6], Parkinson's 
disease [6], and multiple sclerosis disease [21].

There is substantial evidence that the anti-
inflammatory effects of EGCG, the most effective 
catechins, may be due in part to inhibition of iNOS
[2]. In this regard, in vitro studies have shown that 
EGCG inhibited the induction of iNOS mRNA after 
treatment with TNF-α and IL-1 [22]. Moreover, it 
has been well established that EGCG inhibits iNOS 
activity and expression following brain damage [23].
Catechins also enhanced the production of IL-10, an 
anti-inflammatory cytokine [24]. Another study has 
also shown that the production of eicosanoids by 
COX, a major pathway leading to the endpoint of 
inflammation, reduced significantly postischemia by 
catechins [25].

Peroxynitrite, a cytotoxic molecule produced in 
the spinal cord tissue following trauma, contributes 
to the post-traumatic inflammatory reaction
including tyrosine nitration and lipid peroxidation
[26], and also cause DNA damage [27] resulting in 
the activation of PARP. On the other hand, 
overactivation of PARP, a nuclear enzyme which is 
activated by strand break in DNA, results in 
depletion of NAD and ATP and ultimately cell death
[28]. It has been clearly demonstrated that SCI 
induced PARP activation, and treatment with PARP 
inhibitors significantly reduced the development of 
inflammation and apoptosis in the traumatized tissue 
[29]. In this regard, we have previously identified 
that EGCG treatment induced up-regulation of 
antiapoptotic Bcl-2 and down-regulation of 
proapoptotic Bax in injured spinal tissue [9]; this 
phenomenon might be due in part to reductional
expression of PARP, which is observed in this study.
Koh et al. [30] showed that EGCG inhibited many 
points of the apoptotic pathway such as poly (ADP-
ribose) polymerase cleavage. Meanwhile, our 
present immunohistochemical findings have shown 
that nitrotyrosine formation, a relatively specific 
marker for the detection of the endogenous 
peroxynitrite formation, decreased in EGCG 

treatment groups. It has been documented that 
catechins can scavenge peroxynitrite by preventing 
tyrosine nitration [31].

Post-traumatic inflammation is characterized in 
part by the accumulation of activated leukocytes, 
especially neutrophils, within the injured tissue 
following SCI in rat [32]. Some evidences suggested
that these cells play an important role in the 
pathogenesis of secondary degeneration such as lipid 
peroxidation and myelin vesiculation [33]. We have 
observed in the present study that the MPO activity
reduced significantly in treated rats when compared 
with non-treated rats. Moreover, in this study, 
reduction of demyelination was observed in EGCG 
treatment groups. The current results are in 
agreement with our previous study in which lipid 
peroxidation decreased in EGCG treatment groups
[9]. In this regard, it has been documented that 
administration of EGCG to rats exposed to 
ultraviolet prevented infiltration of neutrophils and 
lymphocytes [34]. Moreover, induction of vascular 
adhesion molecule-1 by TNF-α and IL-1 is 
prevented with EGCG, which subsequently reduced 
monocytes adhesion [35].

Finally, our results showed that administration of 
EGCG immediately and 1 h after SCI, significantly 
attenuated inflammatory responses. These findings 
have not only helped to achieve a better 
understanding of the neuroprotective mechanisms of 
EGCG, but also offered the possibilities of potential 
therapeutic use in SCI.  
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