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What is spinal cord contusion
Spinal cord contusion (SCC) is an injury caused by crushing 
of the cord with part of its tissue spared, particularly the 
ventral nerve fibers connecting the spinal cord rostral and 
caudal to the injury remain physically intact (Beattie and 
Bresnaham, 2000). The severity of the spinal cord contusion 
is mainly judged by the physiological status of the remaining 
nerve fibers, whether the action potentials can pass through 
smoothly, hampered, or totally lost. 

Basic pathology
Primary and secondary injuries?   
At the time the spinal cord is contused there is crushed spi-
nal cord tissue together with bleeding (the primary injury). 
A bunch of deleterious substances ooze out from the prima-
ry injury site resulting in the secondary injury, enclosed by 
an astrocytic wall. The front of the secondary injury is led 
by an ischemic zone, which causes tissue destruction and ex-
pansion of the secondary injury. This process goes on and on 
till it reaches its final stage with liquefied cavities and fibrous 
trabeculae (Beattie and Bresnaham, 2000).  

Reactive astrogliosis and glial scar after spinal 
cord injury 
Glial scar (also referred as gliosis) is a hallmark of the sec-
ondary spinal cord injury (SCI), which walls the lesion 
center off the rest of the cord (Fawcett and Asher, 1999). 
Characterized by reactive astrogliosis, the glial scar is con-
stituted by densely populated reactive astrocytes, mingled 
with oligodendrocyte precursors, meningeal cells, microglia, 
macrophages, endothelial cells, fibroblasts, and the extracel-
lular matrix among these cells (Barnabé-Heider et al., 2010; 
Göritz et al., 2011). Given the dominant roles of reactive 
astrogliosis in the formation and function of glial scar, we 
mainly discussed recent progress on the reactive astrogliosis 
after SCI.  

Phenotype of reactive astrocyte 
Reactive astrocytes are usually recognized by their hyper-

trophic morphology and strong glial fibrillary acidic protein 
(GFAP) immunoreactivity. Recent studies have revealed 
more phenotypic features of reactive astrocytes, in compari-
son with normal quiescent astrocytes (Ridet et al., 1997; Sof-
roniew, 2009). (1) Expression of neural progenitor markers, 
such as Nestin. This indicates that reactive astrocytes may be 
dedifferentiated into neural stem cells, as demonstrated by 
our previous study (Lang et al., 2004), as well as others’ (Robel 
et al., 2011). (2) Expression and secretion of cytokines, such 
as tumor necrosis factor alpha and beta (TNF-α and TNF-β), 
interleukin 1 and 6 (IL-1, 6). (3) Expression of neurotrophic 
factors and axon growth modulators, such as insulin like 
growth factor-1, leukaemia inhibitory factor, ciliary neuro-
trophic factor, chondroitin sulfate proteoglycan (CSPG), and 
keratan sulfate proteoglycan (KSPG). The diverse phenotype 
of reactive astrocytes may reflect the heterogeneity of astro-
cytic population. GFAP is a commonly used marker of astro-
cyte. It has been reported that there is quite frequent turnover 
between filamentous and soluble forms of GFAP, and only the 
filamentous form can be immunostained by antibody against 
GFAP (Walz, 2000). This is particularly important for quanti-
tative studies.  

    
Mechanism of astrocyte reactivation
Although not fully elucidated, mechanisms underlying the ini-
tiation, maintenance and migration of reactive astrocytes have 
been gradually uncovered. Among many candidate extra-
cellular factors, transforming growth factor-β (TGF-β), IL-1 
and interferon-γ have been demonstrated to trigger astrocyte 
re-activation (Sofroniew, 2009; Schachtrup et al., 2010). In the 
astrocytic cytoplasm, mTOR-STAT3 signaling pathway and 
BMP-mir-21 axis have been shown to be vital for the gene 
expression profile of reactive astrocytes (Codeluppi et al., 
2009; Sahni et al., 2010). Interfering any of these signaling can 
significantly reduce the glial scar formation after SCI. Cyto-
skeleton proteins, such as GFAP and vimentin are required to 
maintain the hypertrophic morphology of reactive astrocytes 
(Menet et al., 2003). Extracellular matrix metalloproteinase 9 
have been identified to facilitate the migration of reactive as-
trocytes (Hsu et al., 2008).  
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Roles of astrogliosis
Reactive astrocytes is a double-edged sword in SCI. A well 
documented bad side is that they express multiple axon 
growth inhibiting (CSPG, KSPG) and repelling factors 
(EphB, Semaphorin 3A), which may be a “chemical bar-
rier” that prevents the regenerating axons to pass through 
the lesion site (Silver and Miller, 2004). In addition, recent 
studies showed that reactive astrocytes can suppress the 
generation of oligodendrocyte by releasing BMP, and inhibit 
remyelination by secreting endothelin-1 (Wang et al., 2011; 
Hammond et al., 2014). The bright side of astrogliosis is that 
it can limit the expansion of cavity, modulate inflammation 
and innate immune reaction, uptake extracellular glutamate, 
facilitate angiogenesis and rebuild of blood-spinal barrier, 
provide trophic support to neurons (Rolls et al., 2009). Ge-
netically depleting reactive astrocyte impedes the restoration 
of blood-spinal barrier, increases the infiltration of neutro-
phil, increases neuronal death and demyelination, and there-
fore results in worse locomotion recovery (Rolls et al., 2009). 

Oligodendrocytes
Studies from the 1990s have revealed that oligodendrocytes  
are quite susceptible to damage after SCI, and are lost in acute 
necrosis and acute/subacute apoptosis as a response to var-
ious triggers (Casha et al., 2001; Kim et al., 2003; Almad et 
al., 2011). Thus, demyelination of residual axons within the 
spinal cord white matter is an important contributor to the 
secondary pathophysiology (Rossignol et al., 2007). As the 
myelinating cells in the central nervous system (CNS), a sin-
gle oligodendrocyte can form the myelin structure for many 
axons from different neurons. Thereafter, the death of one 
OL may lead to wallerian degeneration of many axons, which 
greatly expands the primary injury and contributes to func-
tional deficits.

Some of the earlier studies examining demyelination after 
SCI in cats and rodents determined that demyelination was 
fairly prevalent during the first 2 weeks after injury (Gledhill 
et al., 1973; Blight, 1985). In human tissue, demyelinated ax-
ons have been detected to a variable degree along lesion bor-
ders from 1 to 22 years after injury (Guest et al., 2005). The 
lack of large-scale, chronic demyelination after SCI is due, at 
least in part, to spontaneous remyelination by oligodendro-
cytes and Schwann cells. 

Axon remyelination in the adult CNS was first document-
ed by Richard and Mary Bunge (Bunge et al., 1960; Bunge et 
al., 1961). Subsequent work has consistently detected limited 
axon remyelination after SCI, typically beginning around 2 
weeks after injury (Gledhill et al., 1973). Intriguingly, when 
axons are remyelinated by oligodendrocytes, the myelin is 
thinner and the internodes are shorter compared to normal 
myelin (Griffiths and McCulloch, 1983), which is regarded 
as abnormal myelination or dysmyelination (McDonald and 
Belegu, 2006). Dysmyelination is worse than no myelination 
because it adds noise to the system, and bad information can 
be misleading or cause miscommunication. 

Although remyelination after SCI has been acknowledged 
for many years, identifying the cells responsible for remyelin-
ating axons was not clear-cut. Blakemore and Keirstead re-
vealed that mature oligodendrocytes, which are post-mitotic, 
do not contribute to remyelination (Blakemore and Keirstead, 
1999). Instead, remyelination is mediated by endogenous pro-
liferating progenitor cells. These oligodendrocyte progenitors 
cells (commonly called OPCs or polydendrocytes) are present 

throughout the adult gray and white matter, and respond to 
demyelination by proliferating and migrating into the de-
myelinated zone (Blakemore and Keirstead, 1999; Watanabe 
et al., 2002; Richardson et al., 2011). Adult OPCs, typically 
identified by nerve/glial antigen 2 expression, are thought to 
be a heterogeneous cell population, only a portion of which 
function as OPC and is involved in the remyelination process 
(Nishiyama et al., 2009; Sellers et al., 2009; Trotter et al., 2010; 
Richardson et al., 2011). To enhance the differentiation of 
adult nerve/glial antigen 2-glia into mature oligodendrocytes, 
researchers have identified the effective function for several 
molecules, such as EGFR signaling, neurogenic/gliogenic 
transcription factor and growth factors (Ohori et al., 2006; 
Aguirre et al., 2007; Whittaker et al., 2012), which can enhance 
oligodendrocyte generation and axonal myelination after SCI. 
Besides, recent strategies have used transplantation of plurip-
otent/glial restricted cells to improve remyelination after SCI. 

The highlights of a few relevant studies that focus on are the 
following: Lee et al. (2005) conducted a systematic analysis of 
transplantation of OPCs at 1 week postinjury in a rat spinal 
contusion model. They showed that OPCs migrated around 
the injury site and differentiated into mature oligodendrocytes 
(not astrocytes or neurons). The transplants also improved 
functional recovery and increased the number of retro-
grade-labeled neurons in the brainstem. Keirstead et al. (2005) 
differentiated human ESCs into a pure population of OPCs in 
vitro and transplanted the cells at 1 week or 10 months after 
SCI in rats. The grafted OPCs survived, integrated, migrated, 
and differentiated into oligodendrocytes at both time points 
after injury. More recent data from the same group show excit-
ing results when OPC transplants were combined with growth 
factor and chondroitinase treatment, not only enhanced OL 
formation by transplant cells, but also increased growth of de-
scending axons were observed (Sharp et al., 2010). 

The effective cellular replacement experiments carried on 
animal models have approached their translation into clinical 
practice. In 2010, the United Stated Food and Drug Admin-
istration approved a phase I multi-center trial planned by 
Geron Corporation, which is designed to assess the safety and 
tolerability of GRNOPC1 (hESC-Derived OPC Therapies) 
in patients with American Spinal Injury Association (ASIA) 
Impairment Scale grade A subacute thoracic spinal cord inju-
ries (Sypecka, 2011). This clinical trial represents an exciting 
advancement in SCI treatment, as well as highlights the im-
portance of the need for continued research centered on the 
mechanisms integral to endogenous myelination and to max-
imize repair by endogenous or transplanted cells. 

Microglia/macrophage polarization in spinal 
cord injury
The inflammatory response which is elicited by injury is one 
of the most important processes after SCI (Hawhtorne and 
Popovich, 2011). At the time the spinal cord is injured the 
axons are mechanically damaged, together with neurons and 
glial cells (oligodendrocytes, astrocytes and microglia) (Chan, 
2008). Within hours to days after the initial injury, a com-
plex cascade of secondary injury processes follows. Second-
ary injury processes are the major pathological alterations 
which include regional blood flow and vessel obstruction, 
electrolyte homeostasis perturbations, edema, free radical 
generation, excitotoxicity, inflammation, and Wallerian de-
generation of the axons after SCI (Ankeny and Popovich, 
2009; Chan, 2008). The secondary injury finally causes the 
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development of a fluid-filled cavity surrounded by a glial 
scar which is believed to be an obstacle for axonal regener-
ation (Schwab et al., 2006; Popovich and Longbrake, 2008). 
Among these pathological processes, inflammation plays a 
crucial role in communicating and influencing other patho-
logical processes which determine the recovery of SCI (Chan, 
2008; Hawthorne and Popovich, 2011). 

Disruption of the blood-spinal cord barrier after SC leads 
to the recruitment of extrinsic leukocytes from the systemic 
circulation, such as neutrophils, monocytes/macrophages, 
lymphocytes, and natural killer cells, as well as mobiliza-
tion of intrinsic microglia to the site of injury (Chan, 2008; 
Hawthorne and Popovich, 2011). Neutrophils arrive first 
at injured site between 3 to 24 hours post-injury and then 
subside quickly. Monocytes/macrophages infiltrate later, 2 to 
3 days post-injury, reaching its summit at 1 to 2 weeks after 
SCI (Donnelly and Popovich, 2008; Hawthorne and Popo-
vich, 2011). The infiltrated lymphocytes arrive the injured 
site quite late. Indeed, the activated T and B lymphocytes 
increase significantly at around 4 weeks post-injury and per-
sistent for a long time in the mouse (Donnelly and Popovich, 
2008; Hawthorne and Popovich, 2011). 

Microglia are innate cells with delicate branching processes 
that include 10–20% of cells in the CNS (Ransohoff and Car-
dona, 2010; Saijo and Glass, 2011; Aguzzi et al., 2013). They 
will transform to macrophages during inflammation. Differ-
ent from other glial cells in CNS, which derive from neural 
stem cell, microglia derives from macrophages produced by 
primitive hematopoiesis in the yolk sac. The primitive mac-
rophages migrate to and become residents in the developing 
neural tube, where they give rise to microglia (Ginhoux et 
al., 2010). Microglia and bone-marrow derived macrophages 
represent two genetically distinct myeloid populations. The 
number of microglia is maintained by local progenitors, 
whereas the BM derived monocytes contribute to the mature 
microglial pool in the CNS (Aguzzi et al., 2013). During SCI. 
microglia are the first myeloid cells to response. After activa-
tion, the microglia cannot be distinguished from the recruit-
ed macrophages by their characteristics in molecular surface 
markers and morphology. Therefore, they are referred as the 
microglia/macrophages subpopulation in injured spinal cord 
(David and Kroner, 2011). Among the inflammatory cells 
in injured site, microglia/macrophages are central players in 
the inflammatory response which determine the micro-envi-
ronment and play beneficial or detrimental effects in axonal 
regeneration after SCI (Chan, 2008; David and Kroner, 2011; 
Sierra et al., 2013).

Plasticity and diversity have long been known to be hall-
markers of the macrophages. Macrophages, as well as microg-
lia, display a spectrum of activation stages. The two extreme 
phenotypes of macrophages are defined as the “classically 
activated” pro-inflammatory (M1) or “alternatively activated” 
anti-inflammatory (M2) cells (Kigerl et al., 2009; Cao and 
He, 2013). In response to lipopolysaccharide (LPS) and the 
pro-inflammatory cytokine interferon-γ, microglia/macro-
phages undergo M1 polarization characterized by the expres-
sion of pro-inflammatory cytokines such as, IL-12, IL-1β, 
TNF-α and cytotoxic mediators (reactive oxygen and nitrogen 
species), as well as increase their phagocytic and antigen-pre-
senting capacities. In contrast, activating macrophages in the 
presence of IL-4 or IL-13 undergo M2 polarization charac-
terized by expression of anti-inflammatory cytokines such 
as TGF-β and IL-10, which contribute to the termination of 

inflammation (Lawrence and Natoli, 2011; Sica and Manto-
vani, 2012). In SCI, microglia/macrophages and other cell 
types up regulate inducible nitric oxide synthase (iNOS) and 
pro-inflammatory mediators such as TNF-α, IL-1β and IL-6 
in the first few days after injury (David and Kroner, 2011). 
During first week after SCI, M1 (CD16/32 positive) and M2 
(arginase-1) microglia/macrophages coexist at the lesion site 
and most of microglia/macrophages are M1 cells, with only a 
transient and small number showing M2 polarization in con-
tused spinal cord. One of the classic M2 markers, arginase 1, is 
transiently upregulated and returns to normal levels by 7 days 
post-injury. However, the level of another M2 marker, CD206 
(mannose receptor), is significantly higher at 14 day post-in-
jury. However, only M1 microglia/macrophages persist until 
day 28 post-injury in mice (Kigerl et al., 2009). In contrast, 
the M1 markers CD16 and CD32 are upregulated at 7 day 
and reduce significantly at 14 and 28 day after injury (Kigerl 
et al., 2009). Other reports show that iNOS expression and 
iNOS+ microglia/macrophages were reported to peak at day 
1 post-injury, whereas the expression of arginase-1 and argi-
nase-1+ microglia/macrophages were days 4 to 7 post-injury 
in rat clip compression model (Ahn et al., 2012). Schwartz 
group has also proved that M1 cells reach their summit at day 
1-3 and reduce gradually, whereas the number of M2 cells are 
highest at days 7–14 post-injury (Shechter et al., 2013a). This 
discrepancy in macrophage phenotypes in the pathogenesis 
of SCI remains to be further studied in both mouse and rat 
models (Shin et al., 2013). 

A network of signaling molecules, transcription factors, 
epigenetic mechanisms, and post-transcrptional regulators 
underlines the different forms of polarized macrophages. TLR 
engagement leads to NF-κB (P50/P65 heterodimers) activa-
tion and production of inflammatory mediators associated 
with M1 macrophages. However, NF-κB activation Canonical 
IRF/STAT signaling pathways are activated by interferons and 
TLR signaling to polarize macrophages toward the M1 phe-
notype via STAT1 or by IL-4 or IL-13 to polarize to the M2 
phenotype via STAT6 (Sica and Mantovani, 2012; Lawrence 
and Natoli, 2011). The IL-4 type I and type II receptors ac-
tivate STAT6, which in turn activates transcription of genes 
typical of M2 polarization, e.g., mannose receptor (Mrc1), 
resistin-like α (Retnla, Fizz1), and chitinase 3-like 3 (Chi3l3, 
Ym1). IL-10 activates STAT3-mediated expression of genes 
(Il10, Tgfb1, Mrc1) associated with an M2-like phenotype. 
STAT-mediated activation of macrophages is regulated by 
members of the SOCS family. Interferon-γ, in concert with 
TLR stimulation, and IL-4 upregulates SOCS3 and SOCS1, 
which in turn inhibits the action of STAT3 and STAT1, re-
spectively. The nuclear receptor PPARγ is a master regulator 
of lipid metabolism in macrophages and inhibits pro-inflam-
matory gene expression through several mechanisms, includ-
ing transrepression of NF-κB (Lawrence and Natoli, 2011). 
The bZIP transcription factors, CREB (cAMP-responsive ele-
ment-binding protein) and C/EBP (CCAAT/enhancer-bind-
ing protein-β), had recently been shown to be essential for 
M2-associated genes expression (Lawrence and Natoli, 2011). 
Our research also found that Aldose Reductase deficiency 
causes CREB upregulation leading microglia/microphages 
to M2 polarization after SCI (in submission). In addition, 
epigenetic changes of upregulation of the histo demethylase 
JMJD3 promotes expression of M2 genes and inhibits M1 
genes. miR-155, targeting at the IL-13Rα1 subunit, decreases a 
set of M2 gene expression (Sica and Mantovani, 2012).
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There is general consensus that M1 and M2 can recipro-
cally switch to each other based on the environment they are 
facing. A population of macrophages has been identified fol-
lowing experimental autoimmune encephalomyelitis (EAE) 
lesions, which express both M1 and M2 markers in one cell. 
These markers are induced by IL-4 in mouse EAE models, 
suggesting that phenotypic switching might occur in vivo in 
macrophages (Shin et al., 2013). Schwartz’s group (2013a, 
b) has provided evidence showing that the M2 macrophages 
found at the lesion site following SCI are derived from 
monocytes that enter the CNS through the choroid plexus 
and then traffic along the CSF and the central canal. On the 
contrary, monocytes that polarize to M1 enter through the 
spinal cord leptomeninges adjacent to the site of injury. This 
suggests that macropahges are already educated to M1 or M2 
polarized macrophages based on the route they infiltrate into 
injured spinal cord (Shechter et al., 2013a, b).

The M1 and M2 macrophages play a different role in axo-
nal growth. In vitro evidence indicates that M1 macrophages 
can directly induce neuronal death. iNOS-expressing M1 
macrophages correlate with tissue damage in SCI. M1 mac-
rophages may also have a negative impact on axon regener-
ation as expression of CSPG, which is a potent inhibitor of 
axon growth and regeneration, is 17-fold higher in M1 mac-
rophages than in M2 cells (David and Kroner, 2011; Kigerl 
et al., 2009). M2 macrophages are often described as anti-in-
flammatory cells as they express high level of IL-10 and TGF
-β (David and Kroner, 2011). M2 macrophages seem to have 
no adverse effect on neurons and can promote growth of axons

across inhibitory substrates that dominate sites of injury, 
probably by secreting neurotrophic factors (Hawthorne and 
Popovich, 2011). 

SCI elicits an inflammatory response comprise of both 
resident and newly recruited circulating macrophages. The 
polarization of macrophages to M1 or M2 phenotypes de-
termines the recovery of SCI. M2 macrophages are involved 
in the amelioration of CNS inflammation following SCI. The 
bias of M2 macrophages over M1 macrophages is a promis-
ing therapeutic method to promote recovery of SCI. 

Treatment of spinal cord contusion
Based on the aforedescribed primary and secondary injuries, 
the logic solution is to debride the necrotic tissue enclosed in 
the astrocytic cavity at a relatively early stage, thereby virtu-
ally stops further expansion of the secondary injury. Mean-
whiles the empty cavity will collapse and release the pressure 
on its surrounding issue, creating a favorable environment 
for functional recovery of the remaining tissue. Thus, we 
created an idea of “Early neurosurgery of spinal cord contu-
sion” and put it into practice in collaboration with Kunming 

Figure 1 Our locomotion grading system.  
The larger the Roman numeral the better the walking ability. Grade 
I refers to patients that cannot stand even with support, thus not 
shown in the figure.

Figure 3 Examples of three grades IV, VII, and X of the patients.  
(A) Grade IV, walking with help to fix the weight bearing leg.          
(B) Walking with a pair of cruches. (C) Free walking. The wires 
attached on his legs were for electromyelography.

Figure 2 Summary of the results.  
The roman numeral refer to the grade of the locomotion, DAI 
stands for days after injury before the patient was operated. By the 
end of the treatment, the patients had at least recovered to Grade 
IV (black boxes). The patient can stand firmly on a wheeled body 
support, but need support of the knee joint of the weight-bearing 
leg when walking. The best results occurred between DAI 4–14 days 
(the optimal operation time window), which included 13 cases, 
among which 9 cases (70%) can walk with a pair of crutches or 
even without any support.

Figure 4 Sagittal section of spinal cord contusion (hematoxylin 
staining).  
Red arrows, obstructed blood vessels. From right to left, reddish 
bleeding site of injury; pale ischemic zone with most of the neurons 
disappeared; an ischemic zone in which the morphology of most of 
the neurons remains largely normal. Bar = 100 μm.

B CA
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Army General Hospital, then the only hospital in China that 
had a department of spinal cord injury and could accom-
modate patients for rehabilitation for as long as 3 months. 
The ASIA grading system was adapted to classify the severity 
of cord injury. All ASIA-A (the most severe grade) patients 
with loss of all sensory and motor function below the spinal 
cord injury were non-selectively included, 30 cases in all. 
After routine MRI to determine the injury level, the injury 
of the spinal column was first treated, followed by bilateral 
laminectomy and internal fixation of the column. The spinal 
cord injured site was then detected, cut open, and debrided. 
The patients were kept in ICU for 3 days before transferring 
to the ward. After keeping the patients in bed for 17 days (17, 
arbitrary, routine practice of the Kunming Army General 
Hospital), a plan of rehabilitation was made for each patient 
according to his or her standing or walking ability, which will 
be revised in time according to the patient’s improvement. 
The rehabilitation lasted for 3 months. Any medication that 
might affect functional recovery was avoided. Otherwise it 
would be difficult to attribute the therapeutic effect solely to 
the surgery. Since locomotion is a crucial criterion for recov-
ery, we designed our own I to X locomotion grading system, 
the larger number the better recovery (Figure 1). The final 
outcome of the treatment turned out to be much better than 
we could ever have imagined (Figure 2) The least recovered 
was able to stand on two legs with body weight support, but 
when he started to walk, he had to shift his bodyweight to 
one leg before the other leg could be moved forward. Then 
the knee joint of the weight bearing leg needed help to pre-
vent from bending down (grade IV). The optimal operation 
time window is 4–14 days after injury, during which 70% 
were able to walk with a pair of crutches or even without any 
support (Figure 3) (Zhu et al., 2008).

Why is the operation not the earlier the better? The reason 
is that before 4 days after injury the necrotic cavity has not yet 
formed. After cutting open the injured spinal cord, what the 
surgeon can see is the mashed spinal cord tissue mixed with 
blood. The surgeon can only remove what he can see, but is 
not allowed to scoop the destroyed tissue beyond the field 
exposed, neither laterally nor up and down, because it may 
cause additional injury of the normal tissue. Thus, the débri-
ment can never be thorough. 

The best operation time window was defined by statistic 
analysis. But for individual patient the suitable day to receive 
operation should be specially tailored. How? We managed to 
figure out a way. After the injured level of the spinal cord is 
determined on the sagittal view of the MRI, condensed scan-
ning of the injured cord follows immedately, once every few 
mm. Thus, the spinal cord injury can be clearly identified. If 
the necrotic cavity has not yet formed, repeat the scanning 5–7 
days once, or twice. 

Having proven the therapeutic value of the surgery, 
medication is no more a limitation. Use of helpful drugs is 
now encouraged. There are some that have often been used 
clinically. There is an ischemic area leading the front of the 
expending secondary injury. Our previous study found that 
there are two zones in the ischemic area. In the one adja-
cent to the injury most of the neurons have disappeared, 
while in the farther zone, although there are clear signs of 
ischemia, the morphology of the neurons appears basically 
normal (Figure 4) (Shen et al., 2009). It occurred to us that 
it might be possible to rescue the neurons in the second zone 
by enhancing blood circulation after the initial bleeding 

had stopped. Our studies have proved that this is the case 
by using betroxobin (Fan et al., 2013; Jia et al., 2010). This 
approach, therefore, can reasonably be a strategy in limiting 
the expansion of the secondary injury. 

We have also studied the effect of Lycium barbarum, a Chi-
nese herbal drug, particularly renowned for centuries to be 
tonic to the eyes. Dr. Kwok-Fai So has, using modern scientific 
techniques, proved its beneficial effect in protecting retina 
neurons. We then studied its effect on spinal cord contusion 
in collaboration with Dr. Kwok-Fai So. We used the essen-
tial component of Lycium barbarum, the Lycium barbarum 
polysaccharide, in our study. We have demonstrated that that 
the major effect of LBP is to stimulate both the M1 and M2 
types of the macrophages. The M1 type, which is deleterious, 
whereas the M2 type beneficial. In spinal cord injury M1 mac-
rophage dominates for about 4 days, followed by dominance 
of the M2 type. When LBP was effective at the beginning of 
injury, the injury site examined at 7 day and 14 days were 
significantly larger than the vehicle control. Whereas admin-
istration of LBP started at 7 days after injury, when M2 type 
dominates, the lesion site was much smaller. We concluded 
that use of LBP could be very helpful if used after 7 days after 
injury (Zhang et al, 2013). 
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