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Experiments carried out in our laboratory in the last 20 years show that the blood-brain barrier plays a
crucial role in neuroprotection and neuroregeneration [1,2]. Using various animal models of traumatic
brain and spinal cord injuries in rats and mice, we found that the blood-brain and the blood-spinal cord
barriers became leaky to various sized tracers ranging from 12 Å (Lanthanum ion) to 80 Å (serum
proteins) as soon as 5 min after injury and continued up to 12 h after the insults (cut off time).
Deposition of lanthanum seen at ultrastructural level and albumin evaluated using
immunohistochemistry around 5-8 h after trauma showed a good correlation between breakdown of the
blood-CNS barriers and cell damage in many parts of the brain and spinal cord [3,4]. Interstingly, the
blood-CSF barrier also showed leakage to Evans blue-albumin complex as indicated by blue staining of
the cerebroventricular walls and an increase in albumin concentration in the CSF [5]. Topical
application of various growth factors, e.g., BDNF, IGF-1, GDNF, NT-3/4, CNTF or NGF selectively
and specifically attenuated the BBB disruption and reduced cell injury [6,7]. This influence on cell
injury and BBB disruption was most pronounced by GDNA, IGF-1 and BDNF treatments (either given
30 min before or 30 min after trauma). However, NT-3/4 and NGF were not able to significantly
influence either the BBB disruption or cell damage. Only, a mild but significant reduction in BBB
breakdown and cell injury was observed with the CNTF treatment, if given within 10 min after insult.
On the other hand, a combination of BDNF and GDNF were able to induce neuroprotection even
applied 90 min after injury. Whereas, other combination of neurotrophins, e.g., BDNF+CNTF, or NT3/4 were not effective. BDNF together with IGF-1 was capable to induce neuroprotective affects within
60 min after trauma. These observations suggest that neurotrophins, if able to reduce the BBB
disruption are capable to achieve neuroprotection. A combination of brain derived (BDNF) and glia
derived (GDNF) neurotrophic factors appears to be most potent in attenuating BBB dysfunction in
traumatic injuries to the CNS, and thus inducing neuroprotection. These results indicate a prominent
role of BBB in neuroregeneration, a subject that requires additional investigation.
REFERENCES
[1] Sharma HS, Westman J (2004) Blood-Spinal Cord and Brain Barriers in Health & Disease,
Elsevier, Academic Press, San Diego, USA.
[2] Sharma HS. Neurodegeneration and neuroregeneration: recent advancements and future
perspectives. Curr Pharm Des. 2007;13(18):1825-7.
[3] Sharma HS [2006] Post-traumatic application of brain-derived neurotrophic factor and glia-derived
neurotrophic factor on the rat spinal cord enhances neuroprotection and improves motor
function. Acta Neurochir Suppl. 96:329-34.
[4] Sharma HS [2005] Pathophysiology of blood-spinal cord barrier in traumatic injury and repair. Curr
Pharm Des. 11(11):1353-89. Review.
[5] Sharma HS, Johanson CE. Intracerebroventricularly administered neurotrophins attenuate blood
cerebrospinal fluid barrier breakdown and brain pathology following whole-body
hyperthermia: an experimental study in the rat using biochemical and morphological
approaches. Ann N Y Acad Sci. 2007 Dec;1122:112-29.
[6] Sharma HS. Neurotrophic factors in combination: A possible new therapeutic strategy to influence
pathophysiology of spinal cord injury and repair mechanisms. Curr Pharm Des.
2007;13(18):1841-74. Review.
[7] Sharma HS, Sharma A. Nanoparticles aggravate heat stress induced cognitive deficits, blood-brain
barrier disruption, edema formation and brain pathology. Prog Brain Res. 2007;162:245-73.
Review.

