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Retina is essential for visual sense 

Illustrate; Specialty Eye Care Medical Center Japanese ophthalmological Society & Wikipedia 

Diabetic retinopathy 

http://www.kareiouhan.com/ 
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Cationic neuroprotectants for retinal disease 

Drugs Effect 

 Imipramine  Neuroprotective 

 Desipramine  Neuroprotective 

 Memantine  Neuroprotective  

 Nipradilol  Neuroprotective 

 Timolol  Neuroprotective 

 Clonidine  Neuroprotective 

 Brimonidine  Neuroprotective 

 Propranolol  Anti-angiogenic 

 Pazopanib  Anti-angiogenic 

 Sorafenib  Anti-angiogenic 

Retina 

Mizuno et al. Invest Ophthalmol Vis Sci. 42:688–94. 2001 

Arthur and Cantor. Exp Eye Res. 93:271–83. 2011 

Lauterbach et al. J Neuropsychiatry Clin Neurosci. 22:8–18. 2010 

Ristori et al. Invest Ophthalmol Vis Sci. 52:155–70. 2011 

Some cationic drugs express neuroprotective effect,  

and their utilities are expected in the treatment of 

retinal disease.  
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Cationic neuroprotectants for retinal disease 
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Some cationic drugs express neuroprotective effect,  

and their utilities are expected in the treatment of 

retinal disease.  
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Eye-drop Oral administration 

画像；http://www.fujimoto.or.jp/hayasuzu/guidance/medicine/faq.php 

Systemic drug delivery to retina 
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Liver 
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Retina 

Blood-retinal barrier 

 (BRB) 

Kubo and Hosoya. Drug Delivery System. 27: 361-9 (2012) 
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Cations 

Cations 

Blood-retinal barrier (BRB) 

? 

? 

The carrier-mediated transport of nutrients has been studied at the inner BRB. 

However, little is known about the transport of cations at the BRB. 
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Comparison of the retinal (RUI) and brain uptake index (BUI) relationship in 

transporters and the lipophilicity trend line. The lipophilicity trend line indicates 

the correlation between the RUI and BUI and the log DC of the thirteen 

compounds. Blue and red circles are substrates for SLC transporters and P-gp, 

respectively. Each point represents the mean ± SEM (n = 3-6). L-Arg, L-

arginine; L-Phe, L-phenylalanine; L-Leu, L-leucine; Gly, Glycine; T4, thyroxine. 

Kubo et al. J Pharm Sci. 102:3332-42 (2013) 

Hosoya et al. Pharm Res. 27:2715-24 (2010) 

Comparison of the initial uptake rate (V) and the n-octanol/Ringer distribution 

coefficient (DC) of compounds that cross the BRB by carrier-mediated 

transport. Uptake study was performed with an in vitro model cell line of inner 

BRB (TR-iBRB2 cells). 
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Carrier-mediated transport of [
3
H]verapamil 
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[3H]Verapamil : 6.25 nM 

Mean±S.E.M (n = 3) 

[3H]Verapamil : 6.25 nM 

Uptake temp.: 37˚C 

Uptake time: 3 min 

Mean±S.E.M (n = 3)  
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+
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V =          + Kd X S 
Vmax X S 

Km + S 
Hosoya et al. Exp Eye Res. 72:163-72. 2001 

Temperature-dependence 

Concentration-dependence 

*p < 0.01, significantly different from the control. 

TR-iBRB2 cells 

Conditionally immortalized cell line 

of retinal capillary endothelial cells 
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Kubo et al. Pharm Res. 30:847-56 (2013) 



[3H]Verapamil : 6.25 nM 

Uptake temp.: 37˚C 

Uptake time: 3 min 

Mean±S.E.M (n = 3)  

Inhibition study of [
3
H]verapamil uptake 
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Influx Retinal uptake index (RUI) 

common carotid artery 

• [3H]Drugs 

• [14C]n-Butanol 

• Inhibitors 

Propranolol 

Clonidine 

Verapamil 

Efflux 
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Carrier-mediated transport of [
3
H]clonidine 
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43.7 ± 4.7 nmol/(min·mg protein) 
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V = 
Vmax X S 

Km + S 

[
3
H]Clonidine uptake  

by TR-iBRB2 cells 
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[3H]clonidine : 12 nM 

Uptake temp.: 37˚C 
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Kubo  et al. Mol Pharm. 11:3747-53 (2014) 
*p < 0.01, significantly different from the control. 
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Influx transport of cationic nutrients
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Hyperornithinemia causes 
the progressive retinal 
degeneration. 

The degeneration of retinal 
ganglion cells in riboflavin 
deficiency. 
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Influx transport of cationic nutrients
 

Immunohistochemical analysis of CAT1 

Knockdown analysis of RFVTs 
Uptake activity rRFVT2 expression rRFVT3 expression 

The rat retina was stained with anti-CAT1 antibodies and anti-GLUT1 antibodies (A). The 

colocalization of CAT1 and GLUT1 proteins was observed in the retinal capillary endothelial cells 

(B) and RPE cells (C). Scale bars, 50 μm (A),  10 μm (B) and 10 μm (C). 
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Time-course
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Each value represents the mean ± SEM (n = 3). *p<0.01, significantly difference from the value of [14C]D-mannitol. 
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