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ABSTRACT 
 

Background: The present study was designed to evaluate the secondary microglial activation processes after spinal 
cord injury (SCI). Methods: A quantitative histological study was performed to determine ED-1 positive cells, glial 
cell density, and cavitation size in untreated SCI rats at days 1, 2, and 4, and weeks 1, 2, 3, and 4. Results: The 
results of glial cell quantification along the 4900-µm long injured spinal cord showed a significant increase in glial 
cell density percentage at day 2 as compared to other days. Whereas the highest increase in ED-1 immunoreactive 
cells (monocyte/phagocyte marker in rats) was observed at day 2 (23.15%) post-injury. Evaluation of cavity 
percentage showed a significant difference between weeks 3 and 4 post-injury groups. Conclusions: This study 
provides a new insight into the multiphase immune response to SCI, including cellular inflammation, 
macrophages/microglia activation, glial cell density, and cavitation. Better understanding of the inflammatory 
processes associated with acute SCI would permit the development of better therapeutic strategies. Iran. Biomed. J. 
17 (4): 214-220, 2013   
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INTRODUCTION 
 

pinal cord injury (SCI) is one of the major 
disabilities requiring more effective treatments 
[1]. Understanding the molecular events 

underlying SCI can provide useful information for 
developing novel therapeutic strategies for human 
clinical trials [2]. Pathophysiology of SCI is 
characterized by robust immune response, activation of 
various cytokines, damage to blood-spinal cord barrier, 
myelin loss as well as axonal degradation, cell death, 
and functional deficit [3-5]. 
The early phase of inflammatory response in SCI is 
initiated by migration of peripherally derived immune 
cells into the lesion site [6], where the ED-1 positive 
cells are present [7, 8]. ED-1 is an intracellular antigen 
found in activated resident microglia, macrophages and 
monocytes in rats.  Resting microglia/macrophages in 
the central nervous system is recognized by their 
distinct star-shaped morphology and positivity only for 
OX42, a type I transmembrane protein found on 
monocytes, macrophages, granulocytes, some B cells, 

dendritic cells, and natural killer cells. 
In contrast, activated phagocytic microglias are 

rounded and therefore not easily distinguishable from 
peripheral macrophages [9]. Moreover, the lesion site 
contains large number of apoptotic and necrotic 
neurons, and glial cells are typically present at the 
center of the site [10].  

This study was designed to evaluate the 
immunoreactivity of ED-1 positive cells, density of 
glial cells, and cavitation in untreated SCI of the rats at 
different time points (days 1, 2, and 4 and weeks 1, 2, 
3, and 4) after SCI.  

 

 
MATERIALS AND METHODS 

 

Contusion rat SCI model. Female Sprague-Dawley 
rats (250–350 g; Razi Institute for Serums and 
Vaccines, Tehran, Iran) were housed under standard 
conditions. All procedures were approved by the 
Animal Care and Use Committee of Tarbiat Modares 
University (Tehran, Iran). Rats were randomly 
assigned to 7 experimental groups (n = 6 for each 
group) as follows: (1) day 1, (2) day 2, (3) day 4, (4) 
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week 1, (5) week 2, (6 and 7) weeks 3 and 4 post SCI. 
Contusion model of SCI was performed using a 
standard procedure [11]. Briefly, the rats were 
anesthetized with an intraperitoneal injection of 80 
mg/kg ketamine and 5 mg/kg xylazine. The dorsal 
region of the rats was shaved, and laminectomy was 
performed at the T12-L1 level. The exposed spinal 
cord was injured using a 10-g metal rod with a 2-mm 
diameter, dropped from a 25-mm height [12]. After the 
surgery, the animals were recovered by subcutaneous 
injection of 10 ml lactated Ringer’s solution. One-
week post-operative care included manual bladder 
expression and intramuscular injection of 50 mg/kg 
cefazolin (Jabir Ibn Hayan, Tehran, Iran) [13]. 
 

Histopathological quantitative analysis. For 
histopathological analysis, rats were sacrificed at the 
assigned time points (listed above) and perfused 
transcardially with 4% paraformaldehyde in PBS for 5 
minutes. The lesion area was removed and post-fixed 
in 4% paraformaldehyde for another 12 hours. Next, 
the tissues were processed using an automatic 
processor (Leica TP 1020: Leica Microsystems, 
Wetzlar, Germany) and embedded in paraffin. To 
assess the glial cell density per area and cavity 
percentage, serial sections (thickness 7 µm) were 
prepared. The sections were then dewaxed with 
chloroform and stained with hematoxylin and eosin (H 
& E) [14]. Total tissue and cavity volume (mm3) of 
4900-µm long of the spinal cord (including rostral and 
caudal regions from the injury epicenter) were assessed 
for each sample by using Image J 1-44 software (NIH, 
USA). Cavity percentage and spared tissue were 
calculated for 35 sections by using the Cavalieri's 
method [15] (equation 1: a, measured area and d, 
intersection distance). Serial summation of the spared 
tissue and cavity volumes yielded the total volume of 
the spared tissue. Any necrotic tissue within the 
cavities was counted as a part of the lesion; any small 
cavity was also calculated. Somata size of glial cells 
(approximately 8-2 µm) was used for evaluating 
numerical density per area [16, 17]. Equation 2 was 
used for determining of cell density, (N: number of 
objects counted, A: area and δ: effective depth of field) 
[18]. 
    

                  Equation 1: 
daVsp 

 

                  Equation 2: 
A

N
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For immunostaining, sections were dewaxed in 
chloroform and further hydrated using graded ethanol 
(100%, 96%, 90%, and 70%) and distilled water. The 
sections were then immersed in 0.3% hydrogen 
peroxide in methanol at 20°C for 10 minutes to 

inactivate endogenous peroxidase. Next, the sections 
were preincubated in a blocking solution (10% swine 
serum in (Tris-buffered saline/BSA at room tempera-
ture for 15 minutes, after which they were incubated in 
primary antibody at 4°C overnight (1:100 dilution; 
anti-ED-1 monoclonal mouse IgG; Serotec, Oxford, 
UK). Next, the sections were mounted with avidin and 
biotinylated horseradish peroxidase (ABC kit; Vector 
Labs, Burtingame, CA, USA), and antigen was 
detected using the diaminobenzidine method. For 
counterstaining, the sections were stained with hema-
toxylin. Immunostaining was performed on 6 7-µm 
sections from each animal (2 sections from the rostral, 
central and caudal areas). Then, 5 fields were studied at 
20×, including both ventral horns, both dorsal horns, 
and a central canal region. For evaluating SCI, the 
immunoreactivity of ED-1 cells and percentage of 
brown pixels per area were determined (stained with 
peroxidase) using the Image J software. 
 

Statistics. All the statistical analyses were performed 
using SPSS (release 15) software (www.ibm.com/ 
software/ analytics/spss/).  All data are presented as 
mean and standard error of mean (SEM). One-way 
ANOVA, followed by Tukey's post hoc comparison 
test, was used  to compare multiple means within 
groups. P value <0.05 was considered statistically 
significant.  

 
 

RESULTS 
 

Evaluation of ED-1 immunoreactivity during 28 
days after the injury. For evaluating microglial and 
macrophage activation, ED-1 (a lysosomal marker) 
immunostaining was performed and Image J was used 
to analyze results by comparing pixel density per area. 
In this study, ED-1 positive cells were evaluated in SCI 
rats at days 1, 2, and 4, and weeks 1, 2, 3, and 4) after 
SCI. Moreover, we noticed that ED-1 positive cells 
appeared to be more dispersed in the first week than 
other time points (Fig. 1). A significant difference was 
observed between the day 2 group (23.15% ± 0.94 of 
positive pixels per area) and the other groups (day 1: 
13.69% ± 1.58 and week 1: 20.33% ± 1.52 of positive 
pixels per area). The highest increase in ED-1 
immunoreactive cells was observed between 2 and 4 
days post injury. Data analyses are shown in Figure 2. 
 

Evaluation of glial cell density. Histological 
assessments were performed on H & E-stained sections 
during 28 days to evaluate the mean percentage of glial 
cells density. The results of glial cell quantification 
along the 4900-µm long spinal cord (including the gray 
and  white  matter  of the injured spinal cord) showed a  
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Fig. 1. ED-1 immunoreactivity in the lesion site of a contused spinal cord at various time points. (A–G) represent photomicrographs 
showing an increase in the density of ED-1 positive cells at day 1 (A), day 2 (B), day 4 (C), week 1 (D), week 2 (E), week 3 (F), and 
week 4 (G) after SCI; (H) represents ED-1 positive cells. Brown colors represent the immunopositive site, whereas blue colors 
represent hematoxylin staining. Black arrows indicate ED-1 immunoreactive cells. 
 

 
significant increase in glial cell density percentage at 
day 2 (85.45 ± 3.71) as compared to that at days 1 and 
4 as well as weeks 1, 2, 3, and 4 (81.06 ± 2.39, 66.71 ± 
6.99, 56.17 ± 4.56, 45.80 ± 10.87, 47.94 ± 13.89 and 
48.37 ± 3.53, respectively) post injury. Data analyses 
are shown in Figures 3 and 4. 
 

Cavitation analyses. Mean cavity percentages were 
assessed by evaluating the histological sections 
obtained during 28 days after the injury. The mean 
cavity percentage of the 4900-µm long injured spinal 
cord was evaluated using the image J software. There 
were significant differences among the groups. The 
mean cavity percentage at week 3 was 8.88 ± 0.98 and 
that at weeks 4, 1, and 2 was 18.65 ±1.8, 2.1 ± 0.69, 
and 3.85 ± 0.55, respectively.  Moreover, we noticed a 
significant difference between weeks 3 and 4 post 
injury groups. Data analyses are presented in Figures 5 
and 6. 

 
 

DISCUSSION 
 

This study provides a new insight into the immune 
response to SCI, including cellular inflammation, 

macrophages/microglia activation, glial cell density, 
and cavitation. Taken together, our finding indicates 
that a multiphasic response of cellular inflammation is 
observed after SCI. 

 
 

             
 

 
 
Fig. 2. A histogram of ED-1 immunoreactivity constructed 

using densitometry of brown color pixels per square millimeter 
(pixel intensity/mm2) at different time points [days 1, 2, and 4 
and weeks 1, 2, 3, and 4] after injury. A significant difference 
was observed between day 1 and week 1 groups as compared to 
that between day 1 and day 2 group (*P<0.05). d, day; w, week 
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Fig. 3. Photomicrographs of the ventral horn of the contused spinal cord stained with routine stains (H & E). Glial cell density was 
evaluated at week 1 (A), week 2 (B), week 3 (C), and week 4 (D) after injury. Black, red, and yellow arrows represent vacuolization of 
dead cells, glial cells, and motor neuron, respectively.  

 

 
We used contusion rat SCI model, morphometry, and 

immunostaining to assess the response of glial cell 
types and macrophages/microglia activation at 
different   time   points.   Inflammatory   response  after 
traumatic SCI is primarily due to the disruption of the 
blood-spinal cord barrier, followed by the release of 
pro-inflammatory cytokines and upregulation of 
adhesion molecules in the vascular endothelium [19]. 
These events lead to the infiltration of monocytes, 
lymphocytes, and macrophages into the damaged site 
[20]. Inflammatory response can lead to axon 
demyelination and neuroglial apoptosis with 
subsequent loss of neurological function [21]. Between 
3-24 hours post injury, proinflammatory cytokines 

such as TNF-α and IL-6 are upregulated around the 
lesion area [22], resulting in a 6-fold increase in the 
number of neutrophils [23].  

Furthermore, activated microglia and resident 
macrophages can evoke a response (Chemokines 
initiate activation and migration of microglia) [24]. 
Resident microglia rapidly respond to the 
microenvironment by changing their morphology, 
expression of specific cell surface molecules, and 
release of cytokines such as IL-1, and TNF-α, and 
chemokines such as leukotrienes and prostaglandins 
[25, 26, 7]. Large numbers of activated resident 
microglia and invading peripheral macrophages can be 
soon observed after injury and persist for several weeks  

 

 

             
 

 

 
 
 
Fig. 4. A histogram of mean glial cell density percentage of the injured spinal cord during 28 days after injury. * represents the 

significance level with other groups (P<0.05). d, day; w, week 
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Fig. 5. Routine staining (H & E) of contused spinal cord in rats. Evaluation of cavity percentage in gray and white matter at week 1 
(A), week 2 (B), week 3 (C), and week 4 (D) after injury. Black arrows indicate cavity formation.   

 
 

[27]. Influx of macrophages derived from microglia 
probably starts very soon after injury, whereas active 
migration of hematogenous macrophages is slightly 
delayed and is reported to start 3 days after injury in 
rats [27, 19]. 

Several studies have shown a time-dependent 
distribution of immune cells in the injured cord tissue 
[28- 30]. In this study, assessment of ED-1 positive 
cells in the injured spinal cord was performed across 
multiple time points for the first 7 days and then 
weekly for up to 4 weeks. We found that during earlier 
hours (3 - 48 h) after injury, ED-1 positive cells were 
dispersed;  however,  in the sub-acute phase, these cells  
 

 

          
 
 
 

Fig. 6. Mean cavity percentage of the 4900-µm long injured 
spinal cord during 28 days after injury. *represents the 
significance level with other groups (P<0.05).   

low numbers of ED-1 positive cells were observed 
between days 7 and 14 (lowest at day 7 after SCI). This 
result is consistent with that of other investigative 
reports [14, 27]. We observed an increase in the 
number of activated macrophages/microglia (ED-1 
positive cells) on day 2 after injury as compared to that 
at other times points. The number of ED-1 positive 
cells was lowest on day 7 after injury, suggesting a 
clear division between the phases of inflammation. No 
significant changes were observed in the number of 
ED-1 positive cells during the subacute phase.  

Macrophages have been proposed to participate in 
tissue destruction, cavity enlargement, and secondary 
pathological response [31]. After SCI, some cells at the 
lesion site die because of post-traumatic necrosis, 
whereas others die because of apoptosis [32]. 
Therefore, cell death of both neurons and 
oligodendrocytes may greatly contribute to paralysis in 
patients with SCI [33]. 

In conclusion, better understanding of the 
inflammatory processes associated with acute SCI 
would permit the development of better therapeutic 
strategies. Our results and the results of previous 
studies suggest that cellular inflammation has complex, 
time-dependent functions. Understanding the role of 
multiphasic response after SCI provides new insights 
for designing rational therapeutic strategies and 
determining the optimal time for cell transplantation 
and pharmaceutical treatment. 
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