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Abstract

Axotomy results in permanent loss of function after brain and spinal cord injuries due to the 

minimal regenerative propensity of the adult central nervous system (CNS). To identify 

pharmacological enhancers of axon regeneration, 960 compounds were screened for cortical 

neuron axonal regrowth using an in vitro cortical scrape assay. Diltiazem, verapamil and 

bromopride were discovered to facilitate axon regeneration in rat cortical cultures, in the presence 

of chondroitin sulfate proteoglycans (CSPGs). Diltiazem, an L-type calcium channel blocker (L-

CCB), also promotes axon outgrowth in adult primary mouse dorsal root ganglion (DRG) and 

induced human sensory (iSensory) neurons.
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INTRODUCTION

Long-distance axon regeneration does not occur within the adult mammalian CNS. As a 

result, functional deficits typically persist after brain and spinal cord trauma. Clinically 

approved therapeutic options for CNS injuries are limited, and none target the regrowth of 

severed axons. One reason for this lack of effective treatments may be the use of in vitro 
models of axon regeneration with limited relevance to common neurological conditions. For 

example, although cortical neurons are damaged in adult traumatic brain injury, spinal cord 
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injury and stroke, mature cortical neurons are not readily isolated for neuronal cultures. 

Embryonic or early postnatal cortical neurons, which are more feasible to culture, do not 

resemble mature cortical neurons with regard to receptor expression or responsiveness to 

axon regeneration inhibitors (ARIs), such as CNS myelin-associated inhibitors (MAIs) and 

CSPGs [1].

To facilitate the study of mature cerebral cortical axon regeneration in vitro, we developed a 

cortical scrape assay in which embryonic neurons are maintained in culture for several 

weeks and acquire a more mature phenotype [1, 2]. Rodent cortical neurons are most easily 

isolated during embryonic development, when their expression of receptors with 

demonstrated roles in adult CNS regeneration failure is minimal or absent [1]. Therefore, 

these embryonic neurons likely have limited utility in the modeling of adult CNS axon 

regeneration. However, as maturation proceeds in culture, protein levels of Nogo receptor 1 

(NgR1) and Paired immunoglobulin-like receptor B (PirB) increase over several weeks [1], 

resembling their developmental upregulation in vivo [3]. This time-course parallels an 

enhancement of sensitivity to ARIs, and by 21 days in vitro (DIV), cortical neuron axonal 

regeneration is potently inhibited by CNS myelin, Nogo-22 and CSPGs after a scrape injury 

[1, 2]. This provides rationale for using the cortical scrape assay to screen for compounds 

that increase axon growth. In this assay, cortical cultures are wounded at 21 DIV, followed 

by 5 days during which axons regenerate into the lesion. To model CNS physiological 

conditions, regeneration can be inhibited by the addition of ARIs to the culture medium. In 

addition, small molecules can be evaluated for enhancement of axonal growth.

CSPGs associated with the glial scar, including brevican, neurocan, aggrecan, phosphacan 

and versican, as well as MAIs, such as Nogo-A, myelin-associated glycoprotein (MAG) and 

oligodendrocyte myelin glycoprotein (OMgp), have been implicated in CNS axon 

regeneration failure [4]. Numerous studies have demonstrated that CSPGs and their 

receptors restrict axonal growth following CNS trauma. For example, enzymatic removal of 

inhibitory CSPG glycosaminoglycan side-chains enhances sensory and corticospinal tract 

(CST) axon regeneration and promotes functional recovery after SCI [5]. Genetic deficiency 

of the CSPG receptors leukocyte common antigen-related phosphatase (Lar) and receptor 

protein tyrosine phosphatase σ (Ptpσ) also promote CST regeneration [6, 7]. NgR1 and 

Nogo receptor 3 (NgR3) are additional CSPG receptors which mediate growth inhibition in 
vivo [8]. These studies indicate that CSPGs and their receptors limit axonal regrowth and 

may represent important targets for drug discovery.

Using the cortical scrape assay, a compound library (Gen-Plus, Microsource) was screened 

to identify regeneration-promoting drugs which attenuate CSPG inhibition of axon growth.

METHODS

Cortical scrape assay and compound screen

The cortical axon regeneration (cortical scrape) assay has been described previously [1, 2]. 

Dissociated cortical cultures were established from embryonic day 18 Sprague Dawley rat 

embryos at a density of 120,000 cells/cm2 (40,000 cells/well in 120 μl) in poly-D-lysine 

(PDL)-coated 96-well plates (BD BioCoat, Corning 354461). At 21 DIV, cultures were 
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scraped using a floating pin tool [1], creating an area devoid of cellular material through the 

center of each well and injuring many axons. Immediately after the scrape injury, 50 percent 

of the culture medium was replaced with fresh medium containing CSPG and/or small 

molecules, which remained in the medium for the 5 day regeneration period. CSPG was 

included to inhibit axon growth, thereby increasing the opportunity for growth enhancement 

by small molecules. To visualize regenerated axons, cultures were fixed at 26 DIV and 

immunostained for βIII-tubulin (Promega, G7121, 1:1,000) with an Alexa Fluor 488 

secondary antibody (Invitrogen, A11029, 1:500).

Compounds (Gen-Plus library, MicroSource, Supplementary Table 1) were evaluated for 

enhancement of cortical axon regeneration, in the presence of CSPGs. The compound library 

was obtained from the Yale Center for Molecular Discovery and was rearrayed from 384-

well to 96-well format. To minimize edge effects, only the inner 48-wells of 96-well plates 

were used for neuronal cultures, and the outer wells contained culture media only. 

Therefore, compounds were rearrayed a second time during transfer to the cultures. 

Compounds were tested, in duplicate, at a concentration of 10 μM in 0.1% DMSO, in the 

presence of CSPGs (10.5 μg/ml, Millipore, CC117). Each plate contained two wells per 

control condition: vehicle (0.1% DMSO, i.e. “no inhibitor”), CSPG, and CSPG + Y27632 

(25 μM).

Axon regeneration was assessed microscopically, blind to treatment conditions, and 

compounds which noticeably enhanced regeneration in both replicates were considered 

preliminary hits. In addition, axon regeneration was quantified for control wells from 21 

randomly selected plates. To quantify axon regeneration in control wells and for several 

concentrations of preliminary hits (Fig. 1), images were acquired with an ImageXpress 

5000A High Content Imaging System (Molecular Devices), using a 10X objective. Images 

were cropped to the center ~75% of the lesion using Adobe Photoshop. The area covered by 

axons was measured with MetaXpress Version 1.7 image analysis software, using an 

angiotube formation algorithm, and data were normalized to the no inhibitor control.

For subsequent scrape assay experiments (Figs. 2 through 5, Supplementary Fig. 1), images 

were acquired with an ImageXpressmicro High Content Imaging System (Molecular 

Devices), using a 10X objective, and axon regeneration was quantified using an automated 

image analysis protocol [1]. In some experiments, DAPI (1 μg/ml) was used to evaluate the 

number of nuclei in a 0.6 mm2 region centered approximately 1 mm from one edge of the 

scrape. This region was not directly injured by the scrape and permitted nuclei to be counted 

to rule out any overtly toxic effects of compounds or CSPG on cell survival. Individual 

compounds were purchased from Sigma-Aldrich, Tocris or EMD Millipore. n = 3-42 wells 

per condition.

Dissociated dorsal root ganglion (DRG) neuronal cultures

DRG cultures were prepared as described previously [9–11]. 8-10 week old C57BL/6J 

mouse DRGs were dissociated and cultured for 24 hours in 96-well PDL plates (BD 

BioCoat, Corning 354461) coated with laminin (Sigma L2020, 10 μg/ml in PBS, one hour at 

room temperature) or CSPG (Millipore, CC117). CSPG (3.3 ng/well in 50 μl PBS) was 

immobilized by drying overnight in a tissue culture hood and then rinsed with 50 μl of water 

Huebner et al. Page 3

Mol Neurobiol. Author manuscript; available in PMC 2020 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



to remove excess salt. DRG neurons were plated at a density of 2,500 neurons/cm2 (833 

neurons/well). Small molecules were added to the culture medium at the time of cell plating. 

After 24 hours of axon outgrowth, cultures were fixed and immunostained for βIII-tubulin 

(Sigma-Aldrich, T8660, 1:800) with an Alexa Fluor 488 secondary antibody (Invitrogen, 

A-11029, 1:500). Images were acquired using an ImageXpressmicro High Content Imaging 

System (Molecular Devices) with a 10X objective (four sites per well). Axon outgrowth was 

quantified using MetaXpress (Molecular Devices). The total axon length per neuron (axon 

length) is reported. n = 12-96 wells per condition.

Induced sensory (iSensory) neurons

Human sensory neurons were generated using a version of the Studer protocol [12] that we 

have optimized to generate neurofilament-expressing sensory neurons. Differentiated 

neurons were replated into 96-well plates at a density of 6,000 cells/cm2 (2,000 cells/well). 

Neurons were treated with 2 μM diltiazem immediately after plating. After 24 hours, 

cultures were fixed and immunostained for βIII-tubulin (Sigma, T8660). Images were 

acquired, and the total neurite length per neuron was determined, using a Cellomics 

Arrayscan XTI (ThermoScientific). n = 3-4 wells per condition.

Statistical Analysis

Statistical analyses were performed with GraphPad Prism version 7.02 using Student’s two-

tailed t tests, one-way ANOVA and two-way ANOVA as described in the figure legends. 

Pre-specified post hoc comparisons were performed to test the differences between the 

factors after adjusting for multiple comparisons using Dunnett, Tukey or Bonferroni 

methods.

RESULTS

Cortical axon regeneration compound screen

The cortical scrape assay [1] was used to screen 960 compounds, in duplicate, to discover 

molecules which promote cortical axon regeneration in the presence of CSPGs. The 

compound library (Gen-Plus, MicroSource) was selected because it includes small 

molecules with known bioactivity and drugs currently in clinical use. Compounds were 

tested at a standard concentration of 10 μM, to balance the chance of identifying hits, which 

is more likely at higher concentrations, with goals of minimizing DMSO toxicity and 

avoiding the discovery of hits with low potency and selectivity.

Cortical cultures sustained a scrape injury at 21 DIV, followed by a 5 day regeneration 

period during which CSPGs and/or compounds were included in the culture medium. The 

Rock2 inhibitor Y27632 [13, 14] was used as a positive control (Fig. 1A and B). Axon 

growth was significantly inhibited by CSPG exposure and increased by Y27632 in the 

presence of CSPG (Fig. 1B).

Five preliminary hits were identified from the screen (Fig. 1C). Quantification of axon 

regeneration for several concentrations of these drugs revealed that bromopride (100 μM) 

and verapamil (10 μM) significantly enhance cortical axon regeneration (Fig. 1D and E).
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L-type, but not N-, R- or T-type calcium channel blockers promote cortical axon 
regeneration

One of the regeneration-promoting hits, verapamil (Fig. 1D and E; Fig. 2A and B), is an L-

type calcium channel blocker (L-CCB). To determine if antagonism of other calcium 

channel subtypes affects cortical axon regeneration, ω-conotoxin, SNX-482 and NNC 

55-0396 were used to inhibit N-type, R-type and T-type calcium channels, respectively (Fig. 

2B). In contrast to verapamil, these calcium channel antagonists did not stimulate axon 

growth at the concentrations tested. However, diltiazem, an L-CCB structurally distinct from 

verapamil, also promoted cortical axon regeneration (Fig. 4B; Fig. 5B), suggesting that it is 

L-type calcium channel blockade (as opposed to off-target activity) that mediates the growth 

enhancement by this drug class in this assay.

Lack of drug synergy

To investigate potential additive or synergistic effects, verapamil, bromopride, flurbiprofen 

and sulfamethoxazole (10 μM each) were tested alone and in all possible two-drug 

combinations (Supplementary Fig. 1). No enhancement of axon regeneration occurs for 

combinations of drugs compared to the drugs individually (Supplementary Fig. 1B).

To rule out an effect of drugs or CSPG on cell survival, the number of DAPI-positive nuclei 

in a 0.6 mm2 region adjacent to the scrape was quantified. No difference in nuclear number 

was detected for any of the conditions compared to the no inhibitor control (data not shown).

L-type calcium channel blockers combined with Y27632 enhance cortical axon 
regeneration

To screen for combinations of molecules which enhance regeneration in the presence of 

CSPG, Y27632 (25 μM) was tested alone or in combination with various L-CCBs at a 

standard screening concentration of 10 μM (Fig. 3). Combinations which significantly 

enhanced axon regeneration relative to the CSPG control are verapamil + Y27632, diltiazem 

+ Y27632, and nifedipine + Y27632 (Fig. 3B), although the contribution of each small 

molecule to the overall growth-promoting effects of the combinations was not addressed in 

this experiment. The two most robust growth-promoting combinations implicated in this 

focused screen (diltiazem + Y27632, and nifedipine + Y27632) were further evaluated for 

individual drug effects and optimal concentrations (Fig. 4). The combination of diltiazem (5 

μM) + Y27632 (25 μM) significantly enhanced regeneration by 2.2-fold compared with the 

CSPG control (Fig. 4B).

Specificity of growth-promoting effects for overcoming CSPG inhibition was evaluated by 

testing Y27632 (25 μM) and diltiazem (5 μM) in the absence or presence of CSPG (Fig. 5). 

Neither small molecule influences axon regeneration in the absence of inhibitor. In contrast, 

in the presence of CSPG, diltiazem and Y27632 each individually enhance axon 

regeneration by 1.6-fold (Fig. 5B). The combination of Y27632 + diltiazem increases axon 

regeneration by 2.2- fold. Thus, the combined effect is additive. The growth-promoting 

effect of the combination (Y27632 + diltiazem) is significantly greater than that of diltiazem 

alone, but not of Y27632 alone. Two-way ANOVA indicates significant growth-promoting 

effects of Y27632 (p = 0.003) and diltiazem (p = 0.001) with no significant interaction. 
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These results indicate that Y27632 and diltiazem additively enhance axonal growth in the 

presence of CSPGs.

Diltiazem promotes DRG axon outgrowth

The most effective growth-promoting concentrations of Y27632 (Supplementary Fig. 2) and 

diltiazem (Fig. 6) were determined in dissociated adult mouse DRG neurons cultured for 24 

hours on CSPG. Y27632 increases DRG axon length up to 2.0-fold on CSPG 

(Supplementary Fig. 2A), with an EC50 of 5.9 ± 1.2 μM. Similarly, diltiazem enhances axon 

length up to 2.0-fold on CSPG (Fig. 6A), with an EC50 of 4.4 ± 0.7 μM. Diltiazem (2 μM) 

also enhances replated induced human sensory (iSensory) neuron axon length by 1.5-fold on 

CSPG (Fig. 7).

Since L-CCBs promote axon outgrowth, L-type calcium channel agonists would be 

predicted to have the opposite effect. To investigate this possibility, FPL 64176, an L-type 

calcium channel agonist, was tested in DRG neurons at various concentrations on laminin 

and CSPG (Fig. 8). FPL 64176 significantly inhibits axon outgrowth on laminin, in a 

concentration-dependent manner (Fig. 8A), with an EC50 of 58.3 ± 13.4 μM. Axon 

outgrowth is minimal on CSPG, precluding further inhibition of growth. Thus, no effect of 

FPL 64176 is detected on CSPG (Fig. 8B).

These results indicate that L-type calcium channel agonism inhibits axon outgrowth on a 

permissive substrate, whereas antagonism of these channels promotes growth on CSPG.

DISCUSSION

L-CCBs have previously been implicated in axon regeneration. For example, nimodipine 

enhances neurite outgrowth in dopaminergic brain slice co-cultures [15]. Nifedipine and 

nimodipine increase axon outgrowth in developing cortical neurons [16], and a mixture of 

calcium channel inhibitors (amiloride, amlodipine and NBQX) promotes retinal ganglion 

cell survival and regeneration after optic nerve crush [17]. The current study, using an 

unbiased phenotypic screen, extends previous findings to relatively mature cortical neurons 

and identifies verapamil and diltiazem as regeneration-promoting L-CCBs, which alleviate 

CSPG-mediated inhibition of axon growth.

Diltiazem is a benzothiazepine L-CCB, whereas verapamil is a phenylalkylamine L-CCB. 

The structural dissimilarity of these CCBs reinforces the conclusion that L-type calcium 

channel antagonism is the likely mechanism by which these drugs enhance axonal growth in 

the presence of CSPGs. Additional evidence that modulation of L-type calcium channel 

activity influences neurite extension is provided by the L-type calcium channel agonist FPL 

64176, which inhibits DRG axon outgrowth. Intracellular calcium elevation [18] and 

calcium signaling through protein kinase C [19] have been implicated in CSPG inhibition of 

axon growth. Therefore, the growth inhibition by FPL 64176 on laminin likely reflects the 

elevation of intracellular calcium this compound produces, which simulates the inhibitory 

effect of CSPG. Saturated calcium signaling and minimal growth on CSPG may explain the 

lack of further inhibition of DRG axon outgrowth by FPL 64176 on this inhibitory substrate.
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The growth-promoting effects of diltiazem and verapamil in the presence of CSPG suggest 

that L-CCBs may facilitate axon regeneration after CNS injury. The antihypertensive activity 

of L-CCBs reduces the risk of stroke in hypertensive individuals [20], and the L-CCB 

nimodipine is used to treat cerebral vasospasm after hemorrhagic stroke [21]. Other potential 

beneficial effects of calcium blockade have been theorized to include direct neuroprotection, 

based on an involvement of intracellular calcium elevation in cytotoxic neuronal injury. 

Consistent with this hypothesis are pre-clinical studies showing that calcium channel 

blockade improves neuronal survival and functional outcomes in rodents after ischemic 

stroke [22, 23] and TBI [24, 25]. However, clinical trials thus far have failed to demonstrate 

benefit of calcium channel blockade in humans after ischemic stroke [26] or TBI [27, 28].

Achievement and maintenance of effective L-CCB levels within the CNS represents a 

therapeutic challenge. Diltiazem crosses the blood-brain barrier but is a p-glycoprotein (P-

gp) substrate and is rapidly effluxed from the CNS [29, 30]. Other L-CCBs are also P-gp 

substrates [29], thus limiting their utility in the treatment of CNS disorders. Supratherapeutic 

diltiazem concentrations can transiently be achieved in mouse retina 1 hour after intravitreal 

or subcutaneous injection but decline substantially by 12 hours (data not shown), 

complicating evaluation of the action of the drug on injured CNS.

Phenotypic screens offer the opportunity to discover compounds suitable for repurposing as 

regeneration-promoters and to identify targets like L-CCBs for which small molecules with 

more favorable drug-like properties and distribution into the CNS can be developed. 

Utilization of primary neurons in the cortical scrape assay allows axon growth to be modeled 

in vitro with a cell type likely to be relevant for regeneration in vivo. Induced neurons permit 

validation in human cells, which may optimize translating discoveries into effective 

therapies by eliminating those that have no activity on human neurons.

We conclude that antagonism of L-type calcium channels facilitates axon growth in the 

presence of CSPG of primary cortical, adult DRG and induced human sensory neurons, 

suggesting exploration of whether L-CCBs can be exploited therapeutically to promote axon 

regeneration.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Cortical Axon Regeneration Compound Screen. 960 compounds (MicroSource Gen-Plus 

compound library) were screened in duplicate to identify compounds which promote cortical 

axon regeneration in the presence of CSPG. A, Photomicrographs of control wells 

immunostained for βIII-tubulin. Cortical cultures were scraped at 21 DIV and regenerated 

for 5 days under the indicated conditions. B, Quantification of axon regeneration for control 

conditions. CSPG inhibits cortical axon regeneration and this inhibition is attenuated by 

Y27632 (positive control). C, Preliminary hits. D, Concentration-responses for preliminary 

hits. Verapamil (10 μM) and bromopride (100 μM) significantly promote axon regeneration 

in the presence of CSPG. E, Photomicrographs demonstrating enhanced regeneration in the 

presence of verapamil (10 μM) and bromopride (100 μM). Data are mean ± S.E. n = 3-42. 

Scale bars, 100 μm. *, p < 0.05; **, p < 0.01 vs. CSPG control, Student’s two-tailed t-test 

(B) or one-way ANOVA, post hoc Dunnett (D). CSPG, chondroitin sulfate proteoglycan.
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Fig. 2. 
Specificity of L-type calcium channel blockade. A, βIII-tubulin immunostaining of cortical 

cultures after five days of regeneration under the indicated conditions. B, Quantification of 

axon regeneration. Verapamil (L-type calcium channel blocker) significantly enhances axon 

regeneration in the presence of CSPG. Inhibitors of other calcium channel sub-types (ω-

conotoxin MVIIA, N-type; SNX-482, R-type; NNC 55-0396, T-type) do not affect cortical 

axon regeneration at the indicated concentrations. Data are mean ± S.E. n = 6-29. Scale bar, 

100 μm. ***, p < 0.001 vs. CSPG control, one-way ANOVA, post hoc Dunnett.
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Fig. 3. 
L-type calcium channel blockers combined with Y27632 enhance cortical axon 

regeneration. A, βIII-tubulin immunostaining of cortical cultures after five days of 

regeneration under the indicated conditions. B, Quantification of axon regeneration. Y27632 

(25 μM) plus verapamil, diltiazem or nifedipine (10 μM each) significantly enhance axon 

regeneration in the presence of CSPG. Data are mean ± S.E. n = 5-36. Scale bar, 100 μm. *, 

p < 0.05; **, p < 0.01 vs. CSPG control, one-way ANOVA, post hoc Dunnett.
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Fig. 4. 
Concentration-responses for L-type calcium channel blockers combined with Y27632. A, 

βIII-tubulin immunostaining of cortical cultures after five days of regeneration under the 

indicated conditions (Y27632, 25 μM; diltiazem, 5 μM). B, Quantification of axon 

regeneration. Data are mean ± S.E. n = 5-12. Scale bar, 100 μm. *, p < 0.05; **, p < 0.01; 

***, p < 0.001 vs. CSPG control, one-way ANOVA, post hoc Dunnett.
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Fig. 5. 
Y27632 and diltiazem selectively promote axon regeneration in the presence of CSPG. A, 

βIII-tubulin immunostaining of cortical cultures after five days of regeneration under the 

indicated conditions. B, Quantification of axon regeneration. The combination of Y27632 + 

diltiazem increases axon regeneration 2.2-fold compared with the CSPG control. Y27632 

and diltiazem, alone or in combination, do not affect cortical axon regeneration in the 

absence of inhibitor. Data are mean ± S.E. n = 11-24. Scale bar, 100 μm. *, p < 0.05; ****, p 
< 0.0001, two-way ANOVA, post hoc Tukey.
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Fig. 6. 
Diltiazem promotes DRG axon outgrowth. A, Diltiazem concentration-response for DRG 

axon outgrowth on CSPG. Diltiazem (25 μM) increases the total axon length per neuron by 

2.0-fold. B, No effect of diltiazem (5 μM) on DRG axon length is detected on laminin. C, 

βIII-tubulin immunostaining of DRG neurons cultured on CSPG for 24 hours in the 

presence of diltiazem (25 μM) or vehicle. Data are mean ± S.E. n = 12-36. Scale bar, 100 

μm. *, p < 0.05; ****, p < 0.0001, one-way ANOVA, post hoc Dunnett; NS, not significant, 

Student’s two-tailed t-test.
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Fig. 7. 
Diltiazem promotes human induced sensory (iSensory) neuron axon outgrowth. A, 

Diltiazem (2 μM) enhances iSensory neuron axon length by ~50 percent on CSPG. B, No 

effect on axon length is detected on laminin. C, βIII-tubulin immunostaining of iSensory 

neurons cultured on CSPG for 24 hours in the presence of diltiazem or vehicle. Data are 

mean ± S.E. n = 3-4. Scale bar, 100 μm. *, p < 0.05, Student’s two-tailed t-test.
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Fig. 8. 
The L-type calcium channel agonist FPL 64176 inhibits DRG axon outgrowth. A, FPL 

64176 inhibits DRG axon outgrowth on laminin in a concentration-dependent manner. B, 

FPL 64176 has no effect on axon length of DRG neurons cultured on CSPG. C, βIII-tubulin 

immunostaining of DRG neurons cultured on laminin for 24 hours in the presence of FPL 

64176 (33.33 μM) or vehicle. Data are mean ± S.E. n = 12-36. Scale bar, 100 μm. *, p < 

0.05; ****, p < 0.0001, one-way ANOVA, post hoc Dunnett.

Huebner et al. Page 17

Mol Neurobiol. Author manuscript; available in PMC 2020 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	INTRODUCTION
	METHODS
	Cortical scrape assay and compound screen
	Dissociated dorsal root ganglion (DRG) neuronal cultures
	Induced sensory (iSensory) neurons
	Statistical Analysis

	RESULTS
	Cortical axon regeneration compound screen
	L-type, but not N-, R- or T-type calcium channel blockers promote cortical axon regeneration
	Lack of drug synergy
	L-type calcium channel blockers combined with Y27632 enhance cortical axon regeneration
	Diltiazem promotes DRG axon outgrowth

	DISCUSSION
	References
	Fig. 1
	Fig. 2
	Fig. 3
	Fig. 4
	Fig. 5
	Fig. 6
	Fig. 7
	Fig. 8

