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Supplemental Fig. 1. The effect of several compounds on the retinal (A) and 

brain (B) uptake indices for [3H]E17βG in wild-type rats. Values represent means 

± SE (n = 3 or 4 rats). The statistical significance of the differences in the means 

of the groups was determined using Bartlett’s test followed by Dunnett’s multiple 

comparison test. *P < 0.05 and **P < 0.01, significantly different from the control  



 

0.000

0.005

0.010

0.015

0.020

3H Pravastatin 14C Mannitol
[3H]Pravastatin  [14C]D-mannitol

β
(m

in
-1

) 

0.020

0.015

0.010

0.005

0

**

 

Supplemental Fig. 2. Elimination rate constants (β) of [3H]pravastatin and 

[14C]D-mannitol during the terminal phase. The β values of [3H]pravastatin and 

[14C]D-mannitol were 0.0179 ± 0.001 min-1 and 0.0107 ± 0.0005 min-1, 

respectively. Each column represents the mean ± SE (n = 3 rats). An unpaired, 

two-tailed Student’s t-test was used to assess the significance of the differences 

between the means of the two groups. **P < 0.01, significantly different from 

[3H]pravastatin. 
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Supplemental Fig. 3. Schematic illustration of pravastatin transport across the 

rat inner blood-retinal barrier. In vivo inhibition studies using an uptake index and 

microdialysis method have suggested that the influx mechanism for pravastatin 

is at least partly accounted for by oatp1a4, and the efflux transport of pravastatin 

is mediated by both oatp1a4 and oat3. The illustration is based on the present 

study and the papers listed below. iBRB, inner blood-retinal barrier; PCG, 

benzylpenicillin. 
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Supplementary Methods 

Uptake Index Method. The retinal uptake index (RUI) and brain uptake 

index (BUI) were calculated according to previously reported uptake index 

methods (Alm and Tornquist, 1981; Fujii et al., 2014). Briefly, a 0.2-mL 

Ringer-HEPES buffer (141 mM NaCl, 4 mM KCl, 2.8 mM CaCl2, and 10 mM 

HEPES; pH 7.4) containing [3H]-labeled substrates (10 μCi/rat) with 

[14C]n-butanol (0.1 μCi/rat) as the highly diffusible reference was injected into the 

carotid artery of rats anesthetized with ketamine/xylazine (125 mg/kg and 1.22 

mg/kg). To evaluate the effect of transporter inhibition, each inhibitor was 

co-administrated with the test substrates. After 15 seconds, the rats were 

decapitated and the tissues (the retina of one eye and the cerebrum) were 

removed and dissolved in a toluene-based tissue solubilizer (Soluen-350®; 

PerkinElmer, Waltham, MA). Radioactivity in tissues was measured in a liquid 

scintillation counter (TRI-CARB® 2100TR; PerkinElmer), and the RUI and BUI 

values were calculated according to the following equation (Eq. 1): 

[3H]-labeled substrates (highly diffusible reference substrate, [14C] n-butanol) 

Uptake index (UI, %) = ([3H] / [14C] (dpm in the tissue)) / 

([3H] / [14C] (dpm in the injectate)) × 100         (Eq. 1) 

 

Microdialysis Study. A microdialysis study was performed as previously 

described (Katayama et al., 2006; Hosoya et al., 2009). Briefly, rats were 

anesthetized with an intramuscular injection of 125 mg/kg ketamine and 1.22 

mg/kg xylazine and their heads were mounted on a stereotaxic frame (SR-6; 

Narishige, Tokyo, Japan). Their eyelids were topically anesthetized by instillation 



 

of 2% xylocaine and fixed using surgical sutures to prevent blinking. A 25-G 

needle was inserted through the pars plana at a depth of 3.0 mm. After removal 

of the needle, a 1-μL Ringer-HEPES buffer containing [3H]pravastatin (2 μCi) 

and [14C]D-mannitol (0.2 μCi) was injected using a microsyringe (Hamilton, Reno, 

NV) at a depth of 3.0 mm below the surface of the eye. [14C]D-mannitol is a bulk 

flow marker of the passage from the vitreous humor to Schlemm’s canal and/or 

the uveoscleral outflow route. A microdialysis probe (TEP-50; Eicom, Kyoto, 

Japan) was immediately implanted into the vitreous chamber and fixed onto the 

surface of the eye with surgical glue. Ringer-HEPES buffer at 37°C was 

delivered to the probe continuously at 2 μL/min via polyethylene tubing (SP19; 

Natsume, Tokyo, Japan) using an infusion pump (Harvard, Holliston, MA). The 

radioactivity in the dialysate collected at designated times was determined using 

a liquid scintillation counter. 

To evaluate the effect of transporter inhibition, each inhibitor was dissolved 

in Ringer-HEPES buffer and delivered to the probe as described above. The 

vitreous concentrations, normalized to the injected dose [CP (% dose/mL)], were 

estimated from the radioactivity in the dialysate using (Eq. 2), where CT is the 

concentration in the dialysate (dpm/mL) and Dosetracer (dpm) is the total 

radioactivity of the substrate after intravitreal injection. 

CP = CT/Dosetracer × 100           (Eq. 2) 

The CP at time t, Cp(t), was fitted to a bi-exponential equation (Eq. 3) by a 

non-linear least-squares regression analysis using PhoenixTM WinNonlin® V6.3 

(Certara, Princeton, NJ). The constants A and B are intercepts on the y-axis for 

each exponential segment of the curve in (Eq. 3). The constants α and β are the 



 

apparent first-order rate constants for the initial and terminal phases, 

respectively. 

CP (t) = Ae-αt + Be-βt     (Eq. 3) 

The probe recovery was estimated by (Eq. 4) and CV (dpm/mL) is the 

concentration in the test solution. In the present study, the recovery values were 

constant over 180 minutes and the values for [3H]pravastatin and 

[14C]D-mannitol were 2.86 ± 0.36% and 6.63 ± 0.73% (n = 3), respectively. 

Recovery (%) = CT/CV × 100    (Eq. 4) 
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