
2010). Natural polymer based scaffolds have 
shown to help in axonal sprout and regeneration 
are collagen tubes (Spilker et al, 2001), brin 
scaffolds delivering neurotropic factors (Johnson 
et al, 2009), agarose scaffolds containing a brain-
derived neurotrophic factor (BDNF) (Gao et al, 
2012) and chitosan tube after being lled with 
collagen type 1 (Li et al, 2008). Few examples of 
synthetic polymer based scaffolds which 
promote axonal regrowth are neural conduits 
fabricated from Poly(lactic-co-glycolic acid) 
(PLGA) (Moore et al, 2006; Olson et al, 2009), 
Poly-L-lysine-coated polycarbonate tubes 
seeded with Schwann cells (Montgomery et al, 
1996), RADA16-I hydrogels (Gao et al, 2007).  
Combination of biomaterial scaffolds with cell 
therapy in CNS regeneration has greatly 
practiced by scientists in recent years. The fusion 
of these two therapeutic techniques has made it 
possible to promote signicant cell regeneration 
and tissue reconstruction. Although the 
application of biomaterial scaffolds and its 
combination with cell based therapies is 
encouraging, present methodology promoting 
regrowth of damaged tissue has compelling 
limitations. Careful investigations are necessary 
to achieve the challenging goal. 

Biomaterials in axonal regeneration and repair after spinal cord injury

Central nervous system (CNS) is composed of 
brain and spinal cord, where the brain 
integrating higher level functions and the spinal 
cord acting as communication pathway amidst 
the brain and the periphery. Injury to the spinal 
cord disrupt ascending and descending 
pathways, transmitting information from the 
periphery to the brain and from the brain to the 
periphery respectively, below the site of injury. 
Spinal cord injuries (SCI) can be complete and 
incomplete. Complete spinal injury causes 
permanent damage to the spinal cord which 
eliminates the ability of spinal cord to deliver 
signals below or above the level of injury, and 
ultimately leads to paraplegia or tetraplegia 
(Wilson et al, 2012). Incomplete injury refers 
partial damage to spinal cord, which implies 
some sensation is still present below the site of 
injury (Barbeau and Rossignol, 1987).  Presently, 
limited options are available for SCI treatment. 
However ,  s c i en t i s t s  a re  opt imis t i c  in 
investigating new treatment therapies to 
increase the quality of life of patients with SCI. 
The injured spinal cord creates an inhibitory 
e n v i r o n m e n t  w h i c h  h a m p e r s  a x o n a l 
regeneration. After injury a cavity of uid is 
formed which is encircled by glial scar, 
glycosaminoglycans, reactive astrocytes and 
other inhibitory factors. All these inhibitory 
factors hamper neurons from inltrating from 
the site of injury, lead to loss of axonal 
connection. To overcome from the barrier 
created by inhibitory molecules, neural tissue 
engineering has recently gained ample attention. 
Biomaterial scaffolds made up of either natural 
or synthetic polymers could impede scar tissue 
formation to some extent. These scaffolds when 
coated with neurotropic growth factors could 
work effectively in promoting axonal sprouts 
and reconnections with neurons at the caudal 
end of the injury (Smith et al, 2008; Straley et al, 

02

References:

Johnson PJ, Parker SR, Sakiyama-Elbert SE 
(2009) Controlled release of neurotrophin-3 

Barbeau H, Wainberg M, Finch L (1987) 
Description and application of a system for 
locomotor rehabilitation. Med Biol Eng 
Comput. 25:341-4.

Guo J, Su H, Zeng Y, Liang YX, Wong WM, 
Ellis-Behnke RG, So KF, Wu W (2007) 
Reknitting the injured spinal cord by self-
assembling peptide nanober scaffold. 
Nanomedicine. 3:311-321.

01-

02-

03-

PJPT VOL. 03 ISSUE 01 JAN-MAR 2020



Jaspreet Kaur
Department of Neuroscience, 07-05, 

University of Copenhagen, Blegdamsvej 3, 
Copenhagen N, 2200, DENMARK

Wilson JR, Cadotte DW, Fehlings MG (2012) 
Clinical predictors of neurological outcome, 
functional status, and survival after 
traumatic spinal cord injury: a systematic 
review. J Neurosurg Spine 17(1 Suppl):11-26

treatment of  spinal  cord injuries.  J 
Neurotrauma 27:1-19.

Moore MJ, Friedman JA, Lewellyn EB, 
Mantila SM, Krych AJ, Ameenuddin S, 
Knight AM, Lu L, Currier BL, Spinner RJ, 
Marsh RW, Windebank AJ, Yaszemski MJ 
(2006) Multiple-channel scaffolds to 
promote spinal cord axon regeneration. 
Biomaterials 27:419-29.

from brin-based tissue engineering 
scaffolds enhances neural ber sprouting 
following subacute spinal cord injury. 
Biotechnol Bioeng. 104:1207-14.

Spilker MH, Yannas IV, Kostyk SK, 
Norregaard TV, Hsu HP, Spector M (2001) 
The effects of tubulation on healing and scar 
formation after transection of the adult rat 
spinal cord. Restor Neurol Neurosci. 18:23-
38.

Straley KS, Foo CW, Heilshorn SC (2010) 
Biomaterial design strategies for the 

Li X, Yang Z, Zhang A, Wang T, Chen W 
(2009) Repair of thoracic spinal cord injury 
by chitosan tube implantation in adult rats. 
Biomaterials 30:1121–1132. 

Montgomery CT, Tenaglia EA, Robson JA 
(1996) Axonal growth into tubes implanted 
within lesions in the spinal cords of adult 
rats. Exp Neurol. 137:277-90.

Olson HE, Rooney GE, Gross L, Nesbitt JJ, 
Galvin KE, Knight A, Chen B, Yaszemski MJ, 
Windebank AJ (2009) Neural stem cell- and 
Schwann cel l - loaded biodegradable 
p o l y m e r  s c a f f o l d s  s u p p o r t  a x o n a l 
regeneration in the transected spinal cord. 
Tissue Eng Part A. 15:1797-805.

Smith LA, Liu X, Ma PX (2008) Tissue 
Engineering with Nano-Fibrous Scaffolds. 
Soft Matter. 4:2144-2149.

03

04-

05-

06-

07-

08-

09-

11-

10-

PJPT VOL. 03 ISSUE 01 JAN-MAR 2020


	Page 1
	Page 2

