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Abstract 

The aim of this article is to analyze the effects of the molecular basis of vascular events following spinal cord injury and 
their contribution in pathogenesis. 

First of all, we reviewed the anatomy of spinal cord vessels.  
The pathophysiology of spinal cord injuries revealed two types of pathogenic mechanisms. The primary event, the 

mechanic trauma, results in a disruption of neural and vascular structures into the spinal cord. It is followed by secondary 
pathogenesis that leads to the progression of the initial lesion. We reviewed vascular responses following spinal cord injury, focusing 
on both primary and secondary events. The intraparenchymal hemorrhage is a direct consequence of trauma; it has a typical pattern 
of distribution into the contused spinal cord, inside the gray matter and, it is radially extended into the white matter. The 
intraparenchymal hemorrhage is restricted to the dorsal columns, into adjacent rostral and caudal spinal segments. Distribution of 
chronic lesions overlaps the pattern of the early intraparenchymal hemorrhage. We described the mechanisms of action, role, 
induction and distribution of the heme oxygenase isoenzymes 1 and 2. Posttraumatic inflammatory response contributes to 
secondary pathogenesis. We analyzed the types of cells participating in the inflammatory response, the moment of appearance after 
the injury, the decrease in number, and the nature of their actions. The disruption of the blood-spinal cord barrier is biphasic. It 
exposes the spinal cord to inflammatory cells and to toxic effects of other molecules. Endothelin 1 mediates oxidative stress into the 
spinal cord through the modulation of spinal cord blood flow. The role of matrix metalloproteinases in blood-spinal cord barrier 

disruption, inflammation, and angiogenesis are reviewed.  
 

Keywords :  i n t rapa renchyma l  hemor rhage ,  heme oxygenase  1 ,  heme  oxygenase  2 ,  
 pos t t r auma t i c  i n f l ammato ry  response ,  b lood -sp ina l  co rd  ba r r i e r ,  endo the l i n  1 ,   

ma t r i x  me ta l l op ro te inas i s .  

asdas 
The spinal cord injury is one of most important 

health problems worldwide, and one of the most 
devastating of all traumatic events, with an annual 
incidence of 15 to 50 cases per million of population. 
About 80% are young males, aged between 15 and 35 
years, and 5% are children.[1-4]  

The aim of this article is the evaluation of the role 
of molecular basis of vascular disturbances in the 
pathophysiology of spinal cord injury. Clinical and 
experimental studies showed the existence of two types 

of mechanisms, primary and secondary, in spinal cord 
injury pathophysiology. Primary pathophysiological 
mechanism and mechanical trauma result in direct 
disruption of neural and vascular structures. The initial 
trauma is followed by secondary pathogenic mechanisms, 
including various biochemical and molecular events, 
which contribute to the progression of the primary 
traumatic lesion. Vascular disturbances pay a very 
important role in both primary and secondary 
pathophysiological events following spinal cord injury.[5]  
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Spinal cord vascular system 
Arterial supply 

The arterial blood supply of the spinal cord is 
provided by anterior and posterior spinal arteries, 
descending branches from vertebral arteries, and by 
anterior and posterior radicular arteries, arising from 
segmental vessels.   

Anterior spinal artery, has a descending 
trajectory, and is located in a pial twofold, along the 
anterior median fissure. It supplies the anterior two thirds 
of the cord. Posterior spinal arteries are located behind 
the dorsal root of the spinal nerve. They supply the 
posterior one third of the cord.   

Radicular arteries are branches from segmental 
vessels (ascending cervical, deep cervical, intercostal, 
lumbar, and sacral arteries), that enter the vertebral canal, 
passing through intervertebral foramina and give rise to 
anterior and posterior radicular branches and a menigeal 
branch. Segmental radicular arteries supply roots and 
cord. Artery of Adamkiewicz is the main source of 
irrigation from T8 to conus medullaris. It usually originates 
between T9 and L2 and it is found in 85% of cases, and 
between T5 and T8 in 15% of cases. It supplies the 
anterior two thirds of the lower two thirds of the cord.  

The anastomoses among the anterior and 
posterior radicular arteries and anterior and posterior 
spinal arteries form an anastomotic pial plexus 
vasocorona. 

Central arteries, originating from anterior spinal 
artery, posterior spinal arteries and vasocorona, represent 
intrinsic arteries.  The greatest density of central arteries 
is found in the cervical region, 8-13 arteries per 
centimeter, and there are only 2-3 arteries per centimeter 
in the thoracolumbar region.  

Mainly, there are two vascular territories: the 
anterior two thirds of the cord supplied by anterior spinal 
artery, central arteries and vasocorona, and the posterior 
one third supplied by posterior spinal arteries and 
vasocorona. Spinal cord blood flow is not entirely 
unidirectional. In spinal injury, multidirectional flow 
protects the cord from ischemia, by inverting the flow and 
diverting blood to affected areas.   

Watershed zones are the most vulnerable areas 
in the case of spinal cord injury. In the thoracic region, the 
vessels have a smaller caliber and there are a few 
anastomoses. Ischemic disturbances, which lead to 
aggravating neurological deficits, are frequently noted in 
superior thoracic (T1-T4) and thoracolumbar (T12-L1) 
spinal cord injury. Another watershed zone is described 
between the centrifugal system, derived from the central 
artery and centripetal system, formed by vasocorona.   
 

Venous drainage 
A venous net is formed at the pial level; it 

collects the blood into six venous channels located along 

the anterior median fissure, posterior median sulcus and 
behind the roots of the spinal nerves.  

Intraparenchymal hemorrhage 
The immediate posttraumatic effect in the spinal 

cord injury is the vasospasm of the superficial vessels, 
leading to intraparenchymal hemorrhage, with propensity 
for highly vascularized areas and for central gray 
matter.[6,7] The mechanical trauma causes disruption of 
gray matter microvasculature, diminishes perfusion, and 
impairs autoregulation of the spinal cord blood flow. The 
diminishing of the spinal cord blood supply is maintained 
or aggravated by systemic responses including: 
neurogenic shock, arterial hypotension, bradycardia, 
aritmia or hemorrhagic shock.  

The size of the intraparenchymal hemorrhage in 
the acute phase is directly proportional with the severity of 
the initial impact. In the acute contused cord, in 3-5 days 
time after the injury, the intraparenchymal hemorrhage is 
maximal to the injury site, and extends into the rostral and 

caudal spinal segments. Intraparenchymal hemorrhage is 
found centrally to the injury site, into the gray matter and 
in the adjacent white matter, radially oriented. At distant 
sites, intraparechymal hemorrhage occupies the central 
part of the dorsal column.[5,7] Necrosis is the 
consequence of intraparenchymal hemorrhage. Blood 
flow diminishes adjacent to hemorrhagic areas, resulting 
in different grades of ischemia. Some other events 
causing ischemia are represented by vasogenic edema 
secondary to blood-spinal cord barrier breakdown, direct 
compression of the adjacent structures by mass effect, 
direct vasospasm following mechanical trauma, or 
secondary vasospasm due to the exposure to heme 
degradation products and endothelin 1. The white matter 
surrounding the hemorrhagic gray matter shows a variety 
of degenerative lesions, including disrupted myelin, 
axonal and periaxonal swelling. [5]  

In the chronic phase, in 3-9 months time after the 
trauma, there are large, fusiform-shaped, well-
demarcated cavitations into the injured cord, with 
maximum size at the epicenter of the lesion, with central 
myelomalacia appearance and extending into the dorsal 
columns in rostral and caudal segments. The same 
pattern of injury is maintained during the chronic stage, 
intramedullary cavities corresponding to regions exhibiting 
acute posttraumatic intraparenchymal hemorrhage. [5,7-9] 
The maintenance of the injury pattern proves that chronic 
lesions are the results of intraparenchymal hemorrhage.10 

Extensive loss of white matter is a result of the obstruction 
of intramedullary vessels, due to initial trauma or 
secondary pathogenic events.[5,7]  

Reperfusion of ischemic tissue or hypoperfusion 
generates free radicals. Phagocytic cells activation and 
metal ions releasing, during the hem degradation leads to 
free radicals formation. Central nervous system is highly 
sensitive to free radicals effects. Cellular membranes 
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made of polysaturated fatty acid chains are sensitive to 
free radicals actions. Besides, the central nervous system 
has limited defense mechanisms. Catalase, superoxide 
dismutase, and glutathione peroxidase activity is reduced 
in the central nervous system.[11]  

 

Heme oxygenase  
Experimental studies showed neuronal and glial 

response to the posttraumatic intraparenchymal 
hemorrhage. Heme oxygenase is an enzyme, which 
degrades hem into equimolar quantities of biliverdin, 
carbon monoxide, and free iron (Fe3+).[12,13] Serin-
treonin kinase and biliverdin-reductase catalyzes 
biliverdin reduction into bilirubin. This pathway is 
particularly important because bile pigments have 
antioxidant effects and protect cells against free radical-
mediated damage.  

Three heme oxygenase isoenzymes have been 
described: heme oxygenase 1, heme oxygenase 2 and 
heme oxygenase 3. 

Heme oxygenase 1, the inducible form of heme 
oxygenase, is an important defense mechanism against 
early oxidative stress, by stabilizing the blood-spinal cord 
barrier and limiting the infiltration of leukocytes.[14] In 
normal tissue, heme oxygenase 1 is found exclusively in 
neurons.[15,16] Posttraumatic,  heme oxigenase 1 is 
induced in gray matter as well as in white matter to the 
injury site. Heme oxygenase 1 is induced in the dorsal 
columns and, occasionally, in the white matter in 
segments rostral and caudal to the contused cord, on a 
length of 1 cm.[15,17] The distribution of cells containing 
heme oxygenase match the pattern of intraparenchymal 
hemorrhage. This proves acute induction of heme 
oxygenase in other cells too, besides neurons. [15,17] 
The acute induction of heme oxygenase 1 in spinal cord 
injury is found also in microglia, astrocytes and 
macrophages.[15] The induction of heme oxigenase 1 in 
glial cells may be a consequence of multiple factors. 
Bleeding is the main cause of heme oxygenase induction, 
by exposure at hem and hem products of degradation. 
Hypoxia, oxidative stress, and endothelin 1 exposure also 
lead to induction of the enzyme.[7,15,17,18] 
Consequences of heme oxygenase 1 induction in spinal 
cord injury are still on debate. It seems that the induction 
of this enzyme might have a protective role on contused 
spinal cord.[7]  

Heme oxygenase 2 is a constitutive form, which 
maintains intracellular hem homeostasis  and inactivates 
nitrosyl-derived free radicals.[7,16,19] Heme oxygenase 2 
binds free radicals at heme regulatory motifs, and it is 
inactivated afterwards at protein and transcript levels. 
Heme oxygenase 2 was found in ventral horn motor 
neurons, oligodendroglia, and ependymal cells.[20]  

Although both isoenzymes catalyze the same 
reaction, heme oxygenase 1 and heme oxigenase 2 have 
distinctive functions in protecting tissue from damage.  
Heme oxygenase 1 is rapidly induced by free radicals and 

hypoxia. The result is a rapid inactivation of pro-oxidant 
hem of denatured hemoproteins and conversion in 
bilirubin and carbon monoxide. In severe spinal cord 
injury, heme oxygenase 1 is induced and colocalizes with 
cyclic guanosine monophosphate (cGMP) and 
proapoptotic oncogenes.  

Besides the distinctive functions of the two 
isoenzymes, there is a different propensity for induction 
depending on the injury site. Induction of heme 
oxygenase 1 is found distal to the injury site, while 
glucocorticoid-inducible heme oxygenase 2 is present in 
the proximity of the cord lesion. Extremely high levels of 
messenger ribonucleic acid (mRNA) for heme oxygenase 
1, and isoenzyme markers like Fe3+ and cGMP are found 
distal to the injury site, in about 4-16 hours after trauma. 
They colocalize within motor neurons below injury site 
with transcription factors and oncogenes: Fas-associated 
protein containing death domain (FADD), tumor necrosis 
factor-related apoptosis-inducing ligand (TRAIL) and p53. 
The result is the induction of FADD, TRAIL and p53 
immunoreactivity distal to the injury site. On the other 
hand, the level of mRNA for heme oxygenase 2 was 
elevated in segments proximal to the injury site. 
Immunohistochemical analyses distal and proximal to the 
injury site show the presence of heme oxygenase 1 in 
distal segments. Heme oxygenase 1 positive neurons are 
found in the ventral horn in distal segments.[20]  

Another isoenzyme is heme oxygenase 3, whose 
transcription was recently reported in the central nervous 
system, and whose role in the spinal cord injury is 
unclear.21  

Heme oxygenase 1 protects the tissue from 
progression of the lesion by promoting apoptosis, while 
heme oxygenase 2 is involved in the suppression of the 
inflammatory response induced by nitrosyl-derived 
radicals.[13,20] As a therapeutic strategy, studies done so 
far, suggest that the use of heme oxygenase in the 
treatment of spinal cord injury may be beneficial for the 
limitation of early vascular disturbances and in diminishing 
the inflammatory response.[22]  

Inflammatory response 
The spinal cord injury is followed by an 

inflammatory response, which pays an important role in 
the secondary pathogenesis and contributes to the 
progression of the secondary destructive phenomena, 
and also to the repairing processes.[23,24]  

The histopathological exam performed during the 
acute phase shows three distinctive areas: zone 1, 
including areas with inflammatory features, necrosis, and 
cystic cavities, zone 2, areas with axonal swelling, 
inflammation, and wallerian degeneration, and zone 3 
histological intact. Zone 1 tends to increase in size with 
time after the injury, whereas the overall lesion, meaning 
zones 1 and 2 together, remain relatively constant in size, 



 Journal of Medicine and Life Vol. 3, No. 3, July‐September 2010  

 257
© 2010, Carol Davila University Foundation

from the moment the lesion becomes macroscopically 
visible, usually in 1-3 days. Inflammatory cells are 
frequently encountered in zone 1, and sometimes in zone 
2.[23  

 
Inflammatory cells  

Spinal cord injury causes a primary injury and 
generates a cascade secondary pathogenic events, which 
lead to the progression of the tissue damage. [7,25-28] 
The cells involved in immune cellular response are: 
microglia, leucocytes (lymphocytes, neutrophils, 
monocytes), macrophages, and astrocytes. [7,28-27,29] 
The posttraumatic inflammation is characterized by the 
accumulation of microglia and macrophages, which 
contribute to the secondary pathogenesis.[7,26-28,30,31] 
Leucocytes and glial cells, mimic macrophages, causing 
tissue damage, myelin vesicles, and lipid peroxidation, 
through generating toxic molecules (free oxygen- and 
nitrosyl-derived radicals, cytokines and 
chemokines).[7,32]  

Posttraumatic hemorrhage leads to blood 
extravasation and infiltration of the spine with neutrophils. 
The early appearance of neutrophils exposed by the 
presence of human alpha neutrophilic defensin, at the 
contused cord site, represents a hemorrhage marker. The 
early inflammatory response is induced by neutrophilic 
signaling.[7,25,33] Neutrophils infiltrate the spine within 
the first hours after injury, have a peak at 24 hours 
[7,25,29,33,34], decrease in 48 hours [25], are rare in 7 
days, but they can still be detected up to 10 days. 
[7,23,33 The increasing number of leucocytes is maximal 
during the first week after injury, and rarely persists after a 
week. [24] In 3 weeks time after the trauma the 
leucocytes disappear. [24] The neutrophils are 
preponderantly encountered in necrotic areas.[29] 
Neutrophils, measured by myeloperoxidase activity, are 
frequent to the injury site and in 4 mm length rostral and 
caudal from cord lesion. [29]  During the first 7 days after 
the injury, an increased number of leucocytes in the 
cerebrospinal fluid is seen, as a marker of the early 
immune response.  

A massive infiltration with B-lymphocytes and 
rare T lymphocyte is seen in 3-6 hours after the trauma. 
Lymphocytes B and T persist for 7 days.[7]  

Within the first days after the injury, an important 
number of microglia CD68+ and rare monocytes and 
macrophage are found. Activated microglia, monocytes, 
and macrophages persist weeks-months after the injury. 
Activated macrophages appear immediately after the 
trauma, but they have a peak in 2-4 weeks. [7,28] There 
is a rapid transformation of microglia in macrophages. 
[7,28]  Macrophages and microglia are exposed by anti-
ED1 and OX-42 antibodies. They are encountered at 24 
hours and have a peak at 48 hours. They are found 
predominantly in the gray matter and in the white matter 
in dorsal columns. Their number diminishes with 
increasing distance from the cord injury site. The number 

of macrophages and microglia is directly proportional with 
the severity of cord injury. [29]  

The cell capacity of causing oxidative or 
proteolytic damage is evidenced by the expression of the 
inflammatory cells of oxidative enzymes: 
myeloperoxidase, nicotin amid-adenine 
dinucleotidphosphat oxidase and matrix-
metalloproteinase-9. The oxidative activity, measured by 
the activity of myeloperoxidase and nicotin amid-adenine 
dinucleotidphosphat oxidase is initially attributed to 
neutrophils and activated microglia. Usually, 
macrophages, do not express myeloperoxidase or nicotin 
amid-adenine dinucleotidphosphat oxidase. Matrix-
metalloproteinase-9 is exclusively expressed by 
neutrophils. Therefore, destructive activity is maximal 
within the first days, and it exists due to neutrophils and 
activated macrophages. The anti-inflammatory treatment 
prevents neutrophils and macrophages inflow, the 
activation of microglia, phagocytic and secretory activity of 
macrophages, and can be administrated as a 
neuroprotective measure. [7,23,29]  

The inflammatory response causes axonal 
demyelination and neuronal death [7,31,32,35], but it can 
be involved in neural regeneration.[7,31,33,35] This 
hypothesis is supported by Carlson et al., who proved the 
correlation between the axial extend of the tissue damage 
and the number of macrophages and microglia.29 
Macrophages and microglia promote axonal regeneration 
by scavenging myelin and neuronal debris[7,31,33,35], by 
producing proregenerative cytokines, as well as 
transforming growth factor beta (TGF-β) [7,33], and by 
stimulating the neural growth.[7] 

  
Inflammatory mediators 

Posttraumatic inflammatory response pays an 
important role in pathophysiological events. Among the 
inflammatory mediators, several pro-inflammatory and 
anti-inflammatory cytokines are found. Pro-inflammatory 
cytokines are represented by interleukin 1 beta, 
interleukin 6, tumor necrosis factor alpha (TNF-α), 
interleukin 2, soluble receptor for interleukin 2, and 
intercellular adhesion molecule 1 (ICAM-1).[36] Anti-
inflammatory cytokines are receptor antagonist for 
interleukin 1 (IL-1RA), autoantibodies against myelin 
associated glycoprotein and anti-GM 1 
(monosialogangliosid 1).  

The increased immunoreactivity of interleukin 1 
beta, interleukin 6 and tumor necrosis factor alpha was 
detected in the neurons 30 minutes after the injury and, in 
neurons and microglia, 5 hours after the trauma, but the 
expression of these pro-inflammatory cytokines is short, 
and rapidly decreases to the basal level within 2 days 
after the injury. Activated microglia and axonal swelling 
can be detected during the early inflammatory response, 
in 30 minutes time after the injury. Numerous neutrophils 
are presented intramedullary, in the first days following 
the cord injury, and then their number deceases 
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dramatically, while the macrophages have a progressive 
increase after the first day. So, intramedullary endogen 
cells, neurons and microglia, and not the blood 
leucocytes, are responsible from the early production of 
interleukin 1 beta, interleukin 6, and tumor necrosis factor 
alpha.[37] The increased cytokine level is not directly 
proportional with the number of leukocytes, cord injury 
level or ASIA (American Spinal Injury Association) 
classification.[38]  

The tumor necrosis factor is involved in the 
inflammatory response, as well as in the posttraumatic 
regeneration process.[39] An up-regulation effect in tumor 
necrosis factor alpha transport through blood-spinal cord 
barrier in spine cord injury was noted.[40]  

Blood-spinal cord barrier breakdown 
Posttraumatic blood-spinal cord barrier 

breakdown is an important cause of cord injury 
progression.   

 
Blood-spinal cord barrier 

Virchow-Robin space, subarachnoidian 
periarteriolar space, contains besides cerebrospinal fluid, 
pial and arachnoid cells with phagocytic behavior.  The 
arteriole wall is composed of one layer of endothelial cells, 
surrounded by a smooth muscle coat. Capillaries lack the 
smooth muscle coat, their wall is composed of basal 
lamina, endothelial cell united through tight junctions and 
pericytes, muscular specialized cells. Astrocytic foot 
processes are in close contact with basal lamina. The 
blood-spinal cord barrier, located at the capillary level, 
prevents free passage of cells and different substances. 
Blood-spinal cord barrier has a double function: physical 
barrier and selective transportor.[41] The blood-spinal 
cord barrier controls the blood-spinal changes and 
achieves a stable environment, necessary to normal 
neural functioning.[41] Tight junctions prevent the 
passage of large molecules, like plasma proteins, and 
molecules carrying the same charge, like plasma proteins 
or glycoprotein-rich glycocalyx complexes, substances 
with anionic charge. [7,42 Besides, the blood-spinal cord 
barrier presents the selectivity for the transportation of 
different substances, keeping neural homeostasis. Blood-
spinal cord barrier does not allow the passage of 
inflammatory cells.   

 
Blood-spinal cord barrier breakdown  

Posttraumatic blood-spinal cord breakdown is 
biphasic. The primary mechanism is mechanic, damage 
secondary to forces generated by the traumatism, and 
has consequences like hemorrhage and ischemia. Later, 
different secondary pathophysiogical mechanisms, 
cytotoxicity of the inflammatory cells, and release of 
excitatory amino acids turned up. The  

secondary alteration of permeability of the blood-
spinal cord barrier begins 3 days after the trauma and 

keeps up to 28 days.[8,39,40,43]  In this phase, the cord 
injury continues, breakdown of the barrier allowing 
inflammatory cells and toxic molecules inflow into the 
cord. Subsequently, the progression of the lesion, 
adjacent to initial contusion, in perihemorrhagic penumbra 
zone, appears. It is present not only to the injury site, but 
it extends along the spinal cord axis.[8]  

The blood-spinal cord barrier breakdown causes 
transitory loss of anionic-charge sites, having as a 
consequence the plasma proteins leakage. [8]  The 
extravasation following minor and moderate trauma is 
minimal and usually limited to the injury site. In severe 
trauma, disruption of the barrier is more obvious centrally 
and into the gray matter. The axial extension of the barrier 
breakdown depends on the severity of the injury. 
Following the severe trauma, there is alteration of 
permeability in the dorsal columns up to 2 cm from the 
contusion level. [8]  The functionality of the blood-spinal 
cord barrier is reestablished in 3 hours-14 days after the 
moderate trauma. There is a peak of protein leakage in 3 
hours-1 day, and the localization coincides with the 
hemorrhagic areas. In spite of hemorrhagic resolution, 
after day 7, the increased permeability for proteins, is 
maintained to the injury level, as well as in distant sites. 
Functional reestablishment is encountered after 14 days. 
[8]  Increasing posttraumatic protein levels lead to 
differential diagnosis problems with infection.[24]  

The disruption of blood-spinal cord barrier 
permits the exposure of the cord to the destructive effects 
of inflammatory cells.[41] When present in high quantities, 
the neurotransmitters such as glutamate and glycine, are 
cytotoxic. [41]  Post hemorrhage, a massive infiltration 
with leucocytes which cause injuries to neural structures, 
appears.  

Blood-spinal cord barrier breakdown has other 
negative effects. For example, the barrier breakdown 
causes a transient rise in blood pressure with irreversible 
consequences.[7,44,45] Blood-spinal cord barrier 
disruption induces stress proteins such as heat shock 
proteins 32 and 70 (HSP 32 and HSP 70), markers of 
tissue injury and oxidative stress.[13,17,46]  

 
Factors implicated in increasing permeability of 
blood-spinal cord barrier 

Secondary pathophysiological mechanisms, 
which contribute to the disruption of blood-spinal cord 
barrier and the progression of the traumatic lesions, are 
represented by the exposure to a large spectrum of 
substances such as cytokines, vasoactive peptide 
(endothelin 1).  

Endothelin 1 
3 isoforms have been identified: endothelin 2, 

endothelin 3 and vasoactive intestinal constrictor 
polypeptide (VIC).  

Endothelin 1 mediates the oxidative stress by 
modulating blood flow to the spine.[18] There are 3 
receptors for endothelin: ETA, ETB1 and ETB2.[7,47] The 
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ETA receptor is localized in the smooth muscle coat and 
produces vasoconstriction. The ETB receptor has two 
subtypes of receptors: ETB1 and ETB2. ETB1 is localized in 
the endothelial cells and induces vasodilatation, and ETB2 
is present in the smooth muscle coat and produces 
vasoconstriction. Endothelial actions on injured cord are 
executed through ETA and ETB2receptors. ETA produces 
vasospasm, secondary to subarachnoid hemorrhage, 
prolonged vasoconstriction, and ischemic damage.[47] 
There are three probable sources of endothelin 1 
following hemorrhage. The first source is represented by 
the humoral compartment. High after the subarachnoid 
hemorrhage, Endothelin 1 gets into the central nervous 
system through the disrupted barrier. The second source 
is myelomalacia, and the third source are the eritrocits.[7] 
Endothelin 1 produces prolonged vasospasm, ischemic 
damage and blood-spinal cord barrier breakdown.[7,48] 
Increasing endothelin expression at contused cord, 
correlates with the blood-spinal cord barrier 
breakdown.[49] Intrathecal administration of endothelin 
generates free radicals.[50]  Intrathecal administration of 
endothelin 1 in normal cord, results in barrier 
breakdown.[48] Endothelin 1 induces heme oxygenase 1 
in dorsal columns astrocytes.[18]  

The therapeutic strategies, using endothelin 1 
blocking agents, that impede endothelin 1-mediated 
vasoconstriction, are beneficial in stopping cord injury 
progression. 

 
Metalloproteinase 

Matrix-metalloproteinases are zinc- and calcium-
depended endopeptidases, which mediate extracellular 
degradation of the matrix, by hydrolyzing the matrix 
components.  The matrix-metalloproteinase release 
growth factors and cytokines from the matrix. 
Experimental studies showed that matrix-
metalloproteinases are involved in the inflammatory 
response, increasing permeability of the blood-spinal cord 
barrier, and ischemia-induced angiogenesis.  

During early inflammatory response neutrophils, 
monocytes and macrophages infiltrate the injured cord 
segment. These cells express matrix-metalloproteinase 
such as matrix-metalloproteinase-2 (gelatinase A), matrix-
metalloproteinase-8 (neutrophil collagenase), matrix-

metalloproteinase-9 (gelatinase B), matrix-
metalloproteinase-11 (stromelysin-3), and matrix-
metalloproteinaza-12 (metalloelastase). They participate 
in infiltration, migration, tissue damage, matrix 
degradation, blood-spinal barrier breakdown and 
edema.[51] Matrix-metallopreteinases degrade basal 
lamina, leading to increased permeability of the blood-
spinal cord barrier. During the inflammatory response and 
angiogenesis, the basal lamina is deteriorated and the 
barrier is permeable. The injection of pro-inflammatory 

cytokines or tumor necrosis factor alpha induces the 
matrix-metalloproteinase-9 (gelatinase B) expression. 
Matrix-metalloproteinase blocking agents may be useful in 
the early treatment of spinal cord injury.  

Angiogenesis is a response to hypoxia. Matrix-
metalloproteinase-1 is found on endothelial cells and is 
required for angiogenesis. Hypoxia and ischemia are 
results of direct damage of the blood vessels or of the 
posttraumatic hypoperfusion and vasodilatation. 
Proangiogenic factors released from the injury site rapidly 
increase vascular permeability. Fibrinogen is polymerized 

into fibrin. Endothelial cells require matrix-
metalloproteinase-1 for matrix degradation and 
chemotactism. The increased levels of matrix-
metalloproteinase-1, matrix-metalloproteinase-2 and 
matrix-metalloproteinase-9 are found in angiogenesis. 
Increased vascular endothelial growth factor (VEGF) 
expression, proangiogenic factor, correlates with matrix-
metalloproteinase-2 and matrix-metalloproteinase-9 
expression, and has an up-regulation effect for matrix-
metalloproteinase-9.[7,51]  

Matrix-metalloproteinase proteolysis has the 
following consequences: invasion of the endothelial cells 

into the surrounding areas, by the degradation of the 
extracellular matrix, which has chemotactic effects for 
endothelial cells, activation and release of the growth 
factors, and increased permeability of the blood-spinal 
cord barrier.  

The role of angiogenesis in spinal cord injury is 
still on debate. Nevertheless, there is data which suggest 
that the inhibition of angiogenesis might have 
neuroprotective effects.  

 
References 
 

 

1. Schreiber D, Dire DJ, Talavera F, 
Halamka J, Pollack CV. Spinal cord 
injuries. eMedicine . 2005.  

2. Corke PJ. Acute management and 
anaesthetic implications. Spinal 
Injuries. 1995.  

3. www.wrongdiagnosis.com. Spinal 
injuries. In Professional guide to 
diseases. Lippincott William & 
Wilkins; 2005. 

4. Sekhon LH, Fehlings MG. 
Epidemiology, demographics, and 
pathophysiology of acute spinal cord 
injury. Spine 26 (24 Suppl.), S2-12. 
2003.  

5. Tator CH, Koyanagi I. Vascular 
mechanisms in the pathophysiology 
of human spinal cord injury. J 
Neurosurg 86, 483-492. 1997.  

6. Ducker TB, Assenmacher DR. 
Microvascular response to 
experimental spinal cord trauma. 
Surg Forum 20, 428-430. 1969.  

7. Mautes AE, Weinzierl MR, 
Donovan F, Noble LJ. Vascular 
events after spinal cord injury: 
contribution to secondary 
pathogenesis. Phys Ther 80, 673-
687. 2000.  



 Journal of Medicine and Life Vol. 3, No. 3, July‐September 2010  

 260 
© 2010, Carol Davila University Foundation

8. Noble LJ, Wrathall JR. Distribution 
and time course of protein 
extravasation in the rat spinal cord 
after contusive injury. Brain Res 482, 
57-66. 1989.  

9. Noble LJ, Wrathall JR. Correlative 
analyses of lesion development and 
functional status after graded spinal 
cord contusive injuries in the rat. Exp 
Neurol 103, 34-40. 1989.  

10. Bullock R, Fujisawa H. The role of 
glutamate antagonists for the 
treatment of CNS injury. J 
Neurotrauma 9 (suppl 2), 443-473. 
1992.  

11. Halliwell B. Reactive oxygen 
species and the central nervous 
system. J Neurochem 59, 1609-
1623. 1992.  

12. Maines MD. Heme oxygenase: 
function, multiplicity, regulatory 
mechanisms, and clinical 
applications. FASEB J 2, 2557-2568. 
1988.  

13. Maines MD, Panahian N. The heme 
oxygenase system and cellular 
defense mechanisms. Do HO-1 and 
HO-2 have different functions? Adv 
Exp Med Biol 502, 249-272. 2001.  

14. Lin Y, Vreman HJ, Wong RJ, Tjoa 
T, Noble-Haeusslein LJ. Heme 
oxygenase-1 stabilizes the blood-
spinal cord barrier and limits 
oxidative stress and white matter 
damage in the acutely injured murine 
spinal cord. J Cereb Blood Flow 
Metab 27, 1010-1021. 2007.  

15. Mautes AE, Kim DH, Sharp FR, 
Panter S, Sato M, Maida W, 
Bergeron M, Guenther K, Noble 
LJ. Induction of heme oxygenase-1 
(HO-1) in the contused spinal cord of 
the rat. Brain Res 795, 17-24. 1998.  

16. Erwing JF, Haber SN, Maines MD. 
Normal and heat-induced patterns of 
expression of heme oxygenase-1 
(HSP32) in rat brain: hyperthermia 
causes rapid induction of mRNA and 
protein. J Neurochem 58, 1140-1149. 
1992.  

17. Mautes AE, Noble LJ. Co-induction 
of HSP70 and heme oxygenase-1 in 
macrophages and glia after spinal 
cord contusion in the rat. Brain Res 
883, 233-237. 2000.  

18. Weinzierl MR, Mautes AE, 
Whetstone W, Lin Y, Noble-
Haeusslein LJ. Endothelin-mediated 
induction of heme oxygenase-1 in 
the spinal cord is attenuated in 
transgenic mice overexpressing 
superoxide dismutase. Brain Res 
1030, 125-132. 2004.  

19. Erwing JF, Maines MD. Distribution 
of constitutive (HO-2) and heat-
inducible (HO-1) heme oxygenase 
isozymes in rat testes: HO-2 displays 
stage-specific expression in germ 
cells. Endocrinology 136, 2294-2302. 
1995.  

20. Panahian N, Maines MD. Site of 
injury-directed induction of heme 
oxygenase-1 and -2 in experimental 
spinal cord injury: differential 
functions in neuronal defense 
mechanisms? J Neurochem 76, 539-
554. 2001.  

21. McCoubrey WK Jr., Huang TJ, 
Maines MD. Isolation and 
characterization of a cDNA from the 
rat brain that encodes hemoprotein 
heme oxygenase-3. Eur J Biochem 
247, 725-732. 1997.  

22. Yamauchi T, Lin Y, Sharp FR, 
Noble-Haeusslein LJ. Hemin 
induces heme oxygenase-1 in spinal 
cord vasculature and attenuates 
barrier disruption and neutrophil 
infiltration in the injured murine spinal 
cord. J Neurotrauma 21, 1017-1030. 
2004.  

23. Fleming JC, Norenberg MD, 
Ramsay DA, Dekaban GA, Marcillo 
AE, Saenz AD, Pasquale-Styles M, 
Dietrich WD, Weaver LC. The 
cellular inflammatory response in 
human spinal cords after injury. Brain 
129, 3249-3269. 2006.  

24. Travlos A, Anton HA, Wing PC. 
Cerebrospinal fluid cell count 
following spinal cord injury. Arch 
Phys Med Rehab 75, 293-296. 1994.  

25. Dusart I, Schwab ME. Secondary 
cell death and the inflammatory 
reaction after dorsal hemisection of 
the rat spinal cord. Eur J Neurosci 6, 
712-724. 1994.  

26. Blight AR. Macrophages and 
inflammatory damage in spinal cord 
injury. J Neurotrauma 9, S83-S91. 
1992.  

27. Blight AR, Cohen TI, Saito K, 
Heyes MP. Quinolinic acid 
accumulation and functional deficits 
following experimental spinal cord 
injury. Brain 118, 735-752. 1995.  

28. Popovich PG, Reinhard JF Jr., 
Flanagan EM, Stokes BT. Elevation 
of the neurotoxin quinolinic acid 
occurs following spinal cord trauma. 
Brain Res 633, 348-352. 1994.  

29. Carlson SL, Parrish ME, Springer 
JE, Doty K, Dossett L. Acute 
inflammatory response in spinal cord 
following impact injury. Exp Neurol 
151, 77-88. 1998.  

30. Bethea JR, Castro M, Keane RW, 
Lee TT, Dietrich WD, Yezierski RP. 
Traumatic spinal cord injury induces 
nuclear factor-kappaB activation. J 
Neurosci 18, 3251-3260. 1998.  

31. Hirschberg DL, Yoles E, Belkin M, 
Schwartz M. Inflammation after 
axonal injury has conflicting 
consequences for recovery of 
function: rescue of spared axons is 
impaired but regeneration is 
supported. J Neuroimmunol 50, 9-16. 
1994.  

32. Dijkstra CD, Dopp EA, van den 
Berg TK, Damoiseaux JG. 
Monoclonal antibodies against rat 
macrophages. J Immunol Methods 
174, 21-23. 1994.  

33. Streit WJ, Semple-Rowland SL, 
Hurley SD, Miller RC, Popovich 
PG, Stokes BT. Cytokine mRNA 
profiles in contused spinal cord and 
axotomized facial nucleus suggest a 
beneficial role for inflammation and 
gliosis. Exp Neurol 151, 74-87. 1998.  

34. Xu JA, Hsu CY, Liu TH, Hogan EL, 
Perot PL Jr., Tai HH. Leukotriene 
B4 release and polymorphonuclear 
cell infiltration in spinal cord injury. J 
Neurochem 55, 907-912. 1990.  

35. Davis S, Bouchard C, Tsatas O, 
Giftochristos N. Macrophages can 
modify the nonpermissive nature of 
the adult mammalian central nervous 
system. Neuron 5, 463-469. 1990.  

36. Segual JL, Gonzales E, Yousefi S, 
Jamshidipour L, Brunnemann SR. 
Circulating levels of IL-2R, ICAM-1, 
and IL-6 in spinal cord injuries. Arch 
Phys Med Rehab 78, 44-47. 1997.  

37. Yang L, Blumbergs PC, Jones NR, 
Mnavis J, Sarvestani GT, Ghabriel 
MN. Early expression and cellular 
localization of proinflammatory 
cytokines interleukin-1beta, 
interleukin-6, and tumor necrosis 
factor-alpha in human traumatic 
spinal cord injury. Spine 29, 966-971. 
2004.  

38. Davies AL, Hayes KC, Dekaban 
GA. Clinical correlates of elevated 
serum concentrations of cytokines 
and autoantibodies in patients with 
spinal cord injury. Arch Phys Med 
Rehab 88, 1384-1393. 2007.  

39. Pan W, Csernus B, Kastin AJ. 
Upregulation of p55 and p75 
receptors mediating TNF-alpha 
transport across the injured blood-
spinal cord barrier. J Mol Neurosci 
21, 173-184. 2003.  

40. Pan W, Kastin AJ. Increase in 
TNFalpha transport after SCI is 



 Journal of Medicine and Life Vol. 3, No. 3, July‐September 2010  

 261
© 2010, Carol Davila University Foundation

specific for time, region, and type of 
lesion. Exp Neurol 170, 375-363. 
2001.  

41. Schlosshauer B. The blood-brain 
barrier: morphology, molecules, and 
neurothelin. Bioessays 15, 341-346. 
1993.  

42. Noble LJ, Mautes AE, Hall JJ. 
Characterization of the microvascular 
glycocalyx in normal and injured 
spinal cord in the rat. J Comp Neurol 
376, 542-556. 1996.  

43. Pan W, Kastin AJ, Gera L, Steward 
JM. Bradykinin antagonist decreases 
early disruption of the blood-spinal 
cord barrier after spinal cord injury in 
mice. Neurosci Lett 307, 25-28. 
2001.  

44. Westergaard E, van Deurs B, 
Brondsted HE. Increased vesicular 
transfer of horseradish peroxidase 

across cerebral endothelium, evoked 
by acute hypertension. Acta 
Neuropathol 37, 141-152. 1977.  

45. Westergaard E. The blood-brain 
barrier to horseradish peroxidase 
under normal and experimental 
conditions. Acta Neuropathol 39, 
181-187. 1977.  

46. Robinson MB, Tidwell JL, Gould T, 
Taylor AR, Newbern JM, Graves J, 
Tytell M, Milligan CE. Extracellular 
heat shock protein 70: a critical 
component for motoneuron survival. 
J Neurosci 25, 9735-9745. 2005.  

47. Zimmermann M. Endothelin in 
cerebral vasospasm. Clinical and 
experimental results. J Neurosurg 
Sci 41, 139-151. 1997.  

48. Westmark R, Noble LJ, Fukuda K, 
Aihara N, McKenzie AL. Intrathecal 
administration of endothelin-1 in the 

rat: impact on spinal cord blood flow 
and the blood-spinal cord barrier. 
Neurosci Lett 192, 173-176. 1995.  

49. McKenzie AL, Hall JJ, Aihara N, 
Fukuda K, Noble LJ. 
Immunolocalization of endothelin in 
the traumatized spinal cord: 
relationship to blood-spinal cord 
barrier breakdown. J Neurotrauma 
12, 257-268. 1995.  

50. Armstead WM. Role of endothelin in 
pial artery vasoconstriction and 
altered responses to vasopressin 
after brain injury. J Neurosurg 85, 
901-908. 1996.  

51. Noble LJ, Donovan F, Igarashi T, 
Goussev S, Werb Z. Matrix 
metalloproteinases limit functional 
recovery after spinal cord injury by 
modulation of early vascular events. 
J Neurosci 22, 7526-7535. 2002. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 


