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The Effect of Drug Pre-treatment 
on Taurine Transport at the Inner Blood-
Retinal Barrier Under Variable Conditions
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Abstract  Taurine is essential for the development and function of the central ner-
vous system, retina, and cardiovascular system. It is a naturally occurring amino 
acid, abundantly found in the retina. It has been shown to exhibit antioxidant, neu-
roprotective, and osmoregulatory functions in the retina. We used conditionally 
immortalized rat retinal capillary endothelial cells (TR-iBRB), in vitro, to investi-
gate the effects of oxidative stress, high glucose (HG) and hypertonic conditions on 
taurine transport. TR-iBRB cells pre-treated with tumor necrosis factor alpha (TNF-
α) showed a significant increase in [3H]taurine uptake rate, which, however, 
decreased when treated with taurine (50 mM). Addition of paeonol and propranolol 
to TNF-α pre-treated cells had no significant effect on [3H]taurine uptake, but the 
addition of 10 mM taurine caused a reduction. The uptake rate decreased under HG 
conditions, in contrast to that under hypertonic conditions. [3H]Taurine uptake 
increased with pre-incubation time. Additionally, uptake of [3H]taurine and mRNA 
expression of taurine transporter (TauT) decreased significantly under hypertonic 
and HG conditions, following pre-incubation with 10 mM taurine, 1 mM paeonol, 
and 0.1 mM propranolol. [3H]Taurine uptake was significantly inhibited in the pres-
ence of taurine transporters such as taurine and β-alanine. Results indicate that oxi-
dative stress and hypertonic conditions increased taurine uptake in iBRB cell lines, 
whereas HG conditions reduced the uptake rate. Taurine may be useful in stabilizing 
the microenvironment in cells affected by oxidative stress as well as hypertonic and 
HG conditions. Moreover, taurine may play a key role in maintaining taurine con-
centrations in the taurine transporter system of retinal cells.
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Abbreviations

iBRB	 Inner blood retinal barrier
RT-PCR	 Real time polymerase chain reaction
HG	 High glucose
Taut	 Taurine transporter
TNF-α	 tumor necrosis factor alpha

1  �Introduction

Taurine protects photoreceptor cells and regulates calcium transport and signal trans-
duction, by inhibiting protein phosphorylation (Lombardini 1991). Taurine concen-
tration in the retina is 100 times more than that in the serum, suggesting a role for 
taurine in the retina. Insulin resistance and failure of pancreatic β cells characterize 
type 2 diabetes mellitus (T2D). Taurine regulates glucose and lipid homeostasis under 
normal, pre-diabetic, and diabetic conditions (Borck et al. 2018). Diabetes is associ-
ated with activation of aldose reductase (AR), hyperglycemia, intracellular osmotic 
stress, oxidative stress, and tissue damage (Nakashima et al. 2005). In addition, tau-
rine may be used as a therapeutic supplement to prevent type-I and II diabetes, and 
enhance osmoregulation in the retina. Taurine significantly decreased blood glucose 
levels and related mortality rates, as well as symptoms of heart failure, whereas com-
monly used anti-diabetic drugs did not reduce mortality rates related to diabetes 
(Chen et al. 2016). Similarly, taurine may play a key role in the regulation of cell 
volume, osmoregulation, and membrane stabilization also act as a neurotransmitter, 
neuromodulator and an anti-oxidant (Olson and Martinho 2006). It has been identi-
fied as a strong osmolyte with hypertonicity, and a signal inducer for the taurine trans-
porter system in the glial cells, renal cells and epithelial cells (L’Amoreaux 2012).

The retina, which is composed of neural tissue, has a blood retinal barrier (BRB) 
which is essential for vision. BRB plays a key role in maintaining retinal functions 
and homeostatic regulation of the nutrient supply to the retina from blood (Kubo 
et al. 2016). Based on structural and functional properties, taurine transporter (TauT) 
is categorized as a member of the solute carrier (slc6a) family and functions as a Na+ 
and Cl− dependent neurotransmitter transporter (Chen et al. 2004). The influx and 
efflux of solutes such as taurine is mediated by TauT. Hypertonicity upregulates and 
HG down regulates TauT in several cell types such as astrocytes, hepatocytes and 
retinal cells (El-Sherbeny et al. 2004).

In previous study, already investigated the change of taurine transport in variable 
conditions (Kang et al. 2009). And in the present study investigated characteristics 
of the taurine transport system under hypertonic, HG and oxidative stress conditions 
following pre-treatment with the drugs: taurine, paeonol, and propranolol, using 
(TR-iBRB) cell lines, in vitro. Furthermore, mRNA expression under those condi-
tions was also used to elucidate regulating mechanisms. Our results indicated that 
the taurine transporter was upregulated under hypertonic and oxidative stress condi-
tions and down regulated under HG condition in TR-iBRB cells.
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2  �Methods

2.1  �Cell Culture

TR-iBRB cells (provided previously from Prof. T.  Terasaki) were cultured in 
Dulbecco’s modified Eagle’s medium (DMEM) (Invitrogen, Grand Island, NY, 
USA); supplemented with 10% fetal bovine serum (FBS); (Invitrogen, Grand 
Island, NY, USA), 100 U/mL penicillin, and 100 mg/mL streptomycin (Invitrogen, 
Grand Island, NY, USA). Cells were seeded on type I collagen coated culture dishes 
(Biocoat, Kennebunk, ME, USA) incubated at 33 °C, and cultured in a humidified 
atmosphere of 5% CO2 and 95% air as described previously (Kang et al. 2002).

2.2  �In Vitro [3H]Taurine Uptake Study in TR-iBRB Cells

[3H]Taurine uptake at the inner blood retinal barrier cell lines was evaluated, as 
previously reported (Kang et al. 2009; Jung et al. 2013). In addition, iBRB cells 
(1 × 105 cells/well) were seeded on type I collagen coated 24 well plates (Biocoat, 
Kennebunk, ME, USA) and the uptake was carried out by washing with extracel-
lular fluid (ECF) buffer (pH 7.4) at 37 °C. In addition, 200 μL ECF buffer contain-
ing [3H]taurine (5.2 nM) at 37 °C, was used both in the presence and absence of 
inhibitors (1 mM except β-alanine). Following the designated time period (5 min), 
uptake was terminated by removing the solution and washed with 1 mL ice-cold 
ECF buffer (Tamai et al. 1995). Next, the cells were dissolved in 1 N NaOH over-
night at room temperature. The following day, measurement of radioactivity and 
protein assay was conducted using a liquid scintillation counter (LS6500, Beckman 
Instruments Inc., Fullerton, OH, USA), and DC protein assay kit (Bio-Rad, Hercules, 
CA, USA) with bovine serum albumin as a standard (Kang et al. 2002). To investi-
gate the effect on [3H]taurine under normal, hypertonic, HG and oxidative stressed 
conditions by iBRB cells under pre-treatment conditions for 24 h and 4 h respec-
tively. The pre-treatment was done with normal media (280 mOsm/kg) which was 
added to 100 mM of sucrose to produce hypertonic conditions (390 mOsm/kg) and 
to 25 mM of glucose to produce HG conditions, were used for pre-incubation (Kang 
et al. 2009). iBRB cells were pre-incubated with cold taurine (10 mM), paeonol 
(1 mM), and propranolol (100 μM) as necessary, to evaluate the effects of these 
compounds under hypertonic, HG and oxidative stressed conditions.

In addition, the cell-to-medium ratio (μl/mg protein) was calculated by using the 
following equation:

	

Cell medium ratio
H dpmpercell protein mg

H dpmper medi
/ =

[ ] ( )
[ ]

3

3 µL uum
	

(1)
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2.3  �Real-Time Reverse Transcription Polymerase Chain 
Reaction

For gene silencing purposes, TR-iBRB cell lines were seeded on type-I collagen 
coated 6 well plates (3 × 105cells/well) and incubated for 24 h at 33 °C. Total cel-
lular RNA was extracted by washing the cells with phosphate-buffered saline (PBS). 
The cells were pre-treated for 24 h under isotonic, hypertonic and HG conditions 
with or without inhibitors for 4  h under oxidative stress (TNF-α) conditions. 
Isolation of total RNA from cultured cells was carried out using the RNeasy kit 
(Qiagen, Velencia, CA, USA) according to manufacturer’s guidelines. Single-
stranded cDNA was prepared from 1.0 μg of total RNA using a High Capacity 
RNA-to-cDNA kit (Applied Biosystems, Foster City, CA, USA). Quantitative real-
time PCR was performed using rat TauT or GAPDH-specific primers in the 
StepOnePlus Real-Time PCR System (Applied Biosystems, Foster City, CA, USA) 
with TaqMan® Gene Expression Master Mix (Applied Biosystems, Carlsbad, CA, 
USA) according to the manufacturer’s protocols. Polymerase chain reactions were 
investigated using a gene amplification system (MyCycler, BioRad Inc., Hercules, 
CA, USA). (Lee and Kang 2015).

2.4  �Statistical Analysis

Unless otherwise indicated, all data are presented as mean ± SE. Statistically sig-
nificant differences were calculated using the unpaired two-tailed student’s t-test. A 
Significance level of p < 0.05 was used.

3  �Results

3.1  �Inhibitory Effect of Various Compounds on [3H]Taurine 
Uptake by TR-iBRB Cells

To characterize the taurine transport system of iBRB cells, compounds listed in 
Table 1 were used to examine their inhibitory effect on [3H]taurine uptake, in vitro. 
Taurine transporter inhibitors such as, 1 mM taurine and 0.5 mM B-alanine strictly 
inhibited [3H]taurine uptake by 97% and 89% respectively. Verapamil, paeonol, 
clonidine, and gamma amino butyric acid (GABA) also decreased [3H]taurine 
uptake by 85%, 58%, 40% and 53% respectively. In contrast, other compounds such 
as imperatorin, propranolol, acetyl L-carnitine (ALC), citrulline, L-leucine, proben-
ecid, para-aminohippuric acid (PAH) and tetraethyl ammonium (TEA) made no 
marked difference to [3H]taurine uptake (Table 1).
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3.2  �Time Course Effect of Taurine and TNF-α on [3H]Taurine 
Uptake at the TR-iBRB Cells

Taurine transport activity in TR-iBRB cells was examined in vitro. Unlabeled tau-
rine at a concentration of 50 mM and 20 ng/mL TNF-α were used for pre-treatment 
for 24 h. [3H]Uptake rate decreased significantly with increasing pre-treatment time 
in the presence of taurine. However, although the uptake rate increased until and up 
to 4 h after pre-treatment with TNF-α, there was no increase in the uptake rate after 
4 h (Fig. 1).

3.3  �Time Course Effect of Hypertonicity and HG on [3H]
Taurine Uptake in TR-iBRB Cells

To investigate the effect of hypertonic (390 mOsm/kg) and HG (25 mM) conditions, 
taurine uptake in iBRB cells was examined in vitro. [3H]Taurine uptake in TR-iBRB 
cells was significantly increased and decreased during 24  h of incubation with 
hypertonic media and HG media respectively (Fig. 2).

Table 1  Effects of various 
compounds on [3H]taurine 
uptake by TR-iBRB cells

Compounds Conc. (mM) Uptake (% of control)

Control 100 ± 3
+Taurine 1 3.2 ± 0.1∗∗∗

+β-alanine 0.5 10.9 ± 0.9∗∗∗

+Paeonol 1 42.6 ± 4.0∗∗∗

+Clonidine 1 60.0 ± 2.4∗∗∗

+Verapamil 1 14.8 ± 9.0∗∗∗

+GABA 1 46.7 ± 2.6∗∗∗

+Imperatorin 1 91.0 ± 3.9
+Propranolol 1 94.0 ± 0.9
+ALC 1 90.3 ± 6.5
+Citrulline 1 85.0 ± 10
+L-leucine 1 93.2 ± 7.1
+Probenecid 1 95.7 ± 8.2
+PAH 1 112 ± 6
+TEA 1 111 ± 5

[3H]Taurine uptake was performed in the absence (con-
trol) or presence of 1  mM of inhibitor for 5  min at 
37 °C. Each value represents the mean ± SE (n = 3–4)
∗∗∗p < 0.001, significantly different from the control
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3.4  �Cold Inhibition Effect of Taurine on the Hypertonicity, 
High Glucose and TNF-α Conditions

[3H]Taurine uptake in iBRB cells was examined under various conditions after pre-
treatment. Cells were pre-incubated under hypertonic, high glucose and oxidative 
stress conditions for 24 h and 4 h respectively. After pre-incubation, [3H]taurine was 
evaluated following pre-treatment with unlabeled 10 mM taurine as a cold inhibitor. 
Cold inhibition by 10 mM taurine caused [3H]taurine uptake to significantly drop by 
more than 95% in 5 min under all conditions (Fig. 3).

3.5  �The Pre-treatment Effect of Taurine, Paeonol 
and Propranolol of Taurine Transport Function at Normal 
Condition

[3H]Taurine uptake in TR-iBRB cells was monitored to investigate the effect of 
unlabeled taurine (10 mM), paeonol (1 mM) and propranolol (100 μM) under nor-
mal conditions. Similarly, to clarify the transport system of taurine under normal 

Fig. 1  Time-course effect of TNF-α or unlabeled taurine pre-treatment on [3H]taurine uptake by 
TR-iBRB cells at 37 °C for 5 min. Cells were pre-treated with 20 ng/mL TNF- α (open circles), or 
50 mM unlabeled taurine (closed circles) for the time periods indicated in the figure. Each time 
point represents the mean  ±  SE (n  =  3–4). ∗p  <  0.05, ∗∗p  <  0.001 significantly different from 
time = 0
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conditions, mRNA expression level was evaluated during 24 h after pre-treatment. 
The uptake of [3H]taurine was reduced by 67%, 30% and 20% following pre-
treatment with unlabeled taurine, paeonol and propranolol for 24 h under normal 
conditions (Fig. 4a). The expression of TauT mRNA was reduced by 43%, 59% and 
19% under normal conditions for 24 h following pre-treatment with taurine, pae-
onol and propranolol respectively (Fig. 4b).

3.6  �Effect of Taurine Uptake and mRNA Expression Level 
at TNF-α Condition in TR-iBRB Cells

The pre-treatment effect of TNF-α in the presence of 10 mM taurine, 1 mM pae-
onol, and 0.1 mM propranolol on the rate of [3H]taurine uptake and mRNA expres-
sion in TR-iBRB cells was investigated. Both mRNA expression and [3H]taurine 
uptake showed a significant increase of more than 120% in the TNF-α pre-treated 
cells 4 h after treatment. Similarly, following the addition of taurine, paeonol and 
propranolol to the TNF-α containing media, a significant decrease was noticed only 
in taurine in the TNF-α containing media. Propranolol and paeonol did not show 

Fig. 2  [3H]Taurine uptake by TR-iBRB2 cells. Uptake was performed for 5 min at 37 °C after 
pre-incubation in hypertonic culture medium (open circles) or high glucose culture medium 
(closed circles). Each point represents the mean ± SE (n = 4). ∗∗∗p < 0.001 and ∗p < 0.05, signifi-
cantly different from control
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any significant effect. However, mRNA expression and [3H]taurine uptake value 
was markedly reduced in the pre-treated cells for 4  h in the presence of TNF-α 
together with taurine, paeonol and propranolol (Fig. 5).

3.7  �The Pre-treatment Effect of Taurine, Paeonol 
and Propranolol of Taurine Transport Function 
at Hypertonic Condition

To clarify the transport system of taurine under hypertonic conditions, the [3H]tau-
rine uptake and mRNA expression were monitored for 24 h following pre-treatment. 
[3H]taurine uptake and mRNA expression under hypertonic condition (390 mOsm/

Fig. 3  TR-iBRB cells were pre-incubated with hypertonic media, high glucose media, or TNF- α 
containing media for 24 h and 4 h respectively. After a designated pre-incubation time, the uptake 
of [3H]taurine was performed in the presence of unlabeled taurine (10 mM) for 5 min at 37 °C. Each 
column represents the mean ± SE (n = 3–4). ∗p < 0.05 and ∗∗∗p < 0.001, significantly different from 
the control; ###p < 0.01, significantly different from the hypertonic media; +++p < 0.001, signifi-
cantly different from the high glucose media; γγγp < 0.001, significantly different from the TNF- α 
media
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Fig. 4  (a) Regulation of taurine transport and (b) TAUT mRNA expression in TR-iBRB cells. 
Cells were cultured with a pre-treatment of unlabeled 10 mM taurine, 1 mM paeonol, and 0.1 mM 
of propranolol for 24 h. [3H]Taurine uptake was performed for 5 min at 37 °C. Each column repre-
sents the mean  ±  SE (n  =  3–4). ∗∗p  <  0.01 and ∗∗∗p  <  0.001, significantly different from the 
control
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Fig. 5  (a) The rate of [3H]taurine uptake and (b) mRNA expression level in TR-iBRB cells. Cell 
were pre-treated with 20 ng/ml TNF-α, 10 mM of taurine, 1 mM of paeonol, and 0.1 mM pro-
pranolol for 4 h. [3H]taurine uptake was performed for 5 min at 37 °C. Each column represents the 
mean ± SE (n = 4–5). ∗∗p < 0.01, significantly different from the control; #p < 0.05 and ###p < 0.001 
significantly different from TNF-α
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kg), showed a significant increase compared to that under isotonic conditions 
(280 mOsm/kg). Exposure of TR-iBRB cells to the hypertonic condition, for 24 h, 
following treatment with 10  mM taurine, 1  mM paeonol, 0.1  mM propranolol, 
caused taurine uptake and mRNA expression level to decrease significantly, com-
pared to the hypertonic conditions (Fig. 6).

3.8  �The Pre-treatment Effect of Taurine, Paeonol 
and Propranolol of Taurine Transport Function at High 
Glucose Condition

[3H]Taurine uptake and mRNA expression under HG conditions was investigated. 
The cells pre-treated with HG conditions were treated with taurine, paeonol, and 
propranolol and evaluated for 24 h for both mRNA and [3H]taurine uptake. Studies 
demonstrated that the taurine uptake rate was decreased by 87% and mRNA expres-
sion level reduced by 84% under the high glucose condition. HG condition com-
bined with taurine, paeonol and propranolol pre-treated cells showed a significant 
reduction in the [3H]taurine uptake rate by 71%, 33%, and 21% and, in mRNA 
expression level by 43%, 34% and 35% respectively, compared to the HG condition 
alone (Fig. 7).

4  �Discussion

The present in vitro study demonstrated that taurine transport in the inner blood-
retinal barrier (iBRB), under oxidative stress, hypertonic and HG conditions, is 
regulated by the taurine transporter (TauT) system. TR-iBRB cells play a crucial 
role as a tool for screening the transport of compounds to the retina. TauT is 
described as a Na+ and Cl− dependent transporter. [3H]Taurine uptake was time and 
concentration dependent with a Km value of 22.2 μM, and is regulated by a low 
affinity (22.2 μM) transporter in iBRB cells (Kang et al. 2009; Tomi et al. 2006).

Uptake of [3H]taurine was inhibited by more than 90% in the presence of typical 
taurine substrates, taurine, and β-alanine. These observations suggest that taurine 
uptake by retinal endothelial cells may occur via a carrier mediated process (Tamai 
et al. 1995). Similarly, in the presence of verapamil, a novel organic cationic sub-
strate/calcium channel blocker, [3H]taurine uptake was reduced by more than 85%. 
Taurine transport was affected by extracellular Ca2+ and Ca2+ calcium channel 
blocker. Paeonol and clonidine, which are novel organic cationic substrates, also 
reduced the rate of [3H]taurine uptake in iBRB cells. Furthermore, GABA is a 
substrate of TauT, and GABA 1 mM inhibited [3H]taurine uptake by 53%. (Tomi 
et al. 2008). However, novel organic cationic substrates such as imperatorin, pro-
pranolol, acetyl L-carnitine (ALC) and other compounds probenecid, L-leucine and 
citrulline had no effect on [3H]taurine uptake by TR-iBRB cells (Table 1).
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Fig. 6  (a) Regulation of taurine transport and (b) TAUT mRNA expression in TR-iBRB cells. 
Cells were cultured under hypertonic conditions and pre-treated with 10 mM taurine, 1 mM pae-
onol, and 0.1  mM of propranolol for 24  h. [3H]Taurine uptake was performed for 5  min at 
37 °C. Each column represents the mean ± SE (n = 3–4). ∗∗∗p < 0.001, significantly different from 
the control; ###p < 0.001 significantly different from hypertonic condition



Fig. 7  (a) Regulation of taurine transport and (b) TAUT mRNA expression in TR-iBRB cells. 
Cells, cultured under high glucose conditions, were pre-treated with unlabeled 10 mM taurine, 
1 mM paeonol, and 0.1 mM of propranolol for 24 h. [3H]Taurine uptake was performed for 5 min 
at 37 °C. Each column represents the mean ± SE (n = 3–4). ∗∗∗p < 0.001, significantly different 
from the control; #p < 0.05 and ##p < 0.01, significantly different from high glucose conditions
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[3H]Taurine uptake was evaluated for 24 h, using cells pre-treated with unlabeled 
taurine 50 mM and TNF-α 20 ng/mL. The uptake rate was markedly reduced in the 
taurine 50 mM pre-treated cells but in the TNF-α 20 ng/mL pre-treated cells the 
uptake rate remained unchanged after 4 h of incubation (Fig. 1). TNF-α is a pro-
inflammatory cytokine induced by cell damage. Therefore, results indicate that oxi-
dative stress inducing agents such as TNF-α may increase taurine uptake. However, 
4 h after pre-treatment with cold taurine 50 mM, taurine uptake rate was markedly 
suppressed by 39% in the iBRB cell line. This may be due to an increase in the 
concentration of taurine in the retina being suppressed by [3H]taurine transport 
activity (Lee and Kang 2004; Kang et al. 2002). Time course effect of hypertonic 
and HG conditions on [3H]taurine uptake by TR-iBRB cells resulted in an increase 
and a decrease in the taurine uptake rate, respectively, with pre-treatment time. 
Taurine acts as an antioxidant and osmolyte, and the taurine transport system may 
likely be involved in osmoregulation. Therefore, the induction effect may follow 
osmolality, where, under hypertonic stress conditions, cells initially shrink and the 
volume subsequently recovers during uptake (Fig. 2) (Yahara et al. 2010; Lee and 
Kang 2013). TR-iBRB cells were pre-incubated with hypertonic, HG and TNF-α 
containing media for 24 h and 4 h, after which pre-incubation 10 mM taurine was 
used for the uptake study. The results indicated a marked inhibition of more than 
95% in taurine uptake, because the presence of taurine suppressed the uptake rate 
(Fig.  3). The TNF-α signal activates NF-KB transcriptional activity by nuclear 
translocation and therefore the TNF-α-NF-KB pathways may be involved in TauT 
induction. However, taurine uptake level was increased by other factors such as 
TNF-α and hypertonicity. High concentration of taurine suppressed the taurine 
uptake rate in iBRB cells (Kang 2006).

Taurine is physiologically important as an antioxidant as well as in osmoregula-
tion and stress responses. In isotonic media, unlabeled 10 mM taurine, 1 mM pae-
onol, and 0.1 mM propranolol were used for pre-treatment for 24 h after which [3H]
taurine uptake and TauT mRNA expression were observed. In the presence of these 
compounds, both uptake and mRNA expression level decreased significantly 
(Fig. 4a, b). The transport system of taurine is subject to adaptive regulation, and 
was down regulated during the pre-incubation time in the culture system, as reported 
in a previous report on human placental choriocarcinoma cells (JAR) (Jayanthi 
et al. 1995). In addition, this transport system is dependent on incubation time and 
concentration of taurine in TR-iBRB cells (Satsu et al. 1997). Based on the same 
mechanism, compounds such as paeonol and propranolol (substrates of the organic 
cationic transporter system) may also downregulate the taurine transport system in 
iBRB cells. The mRNA expression and taurine uptake rate was increased in the 
cells pre-treated with TNF-α for 4 h. However, in the presence of 10 mM taurine, 
1 mM paeonol, and 0.1 mM propranolol with TNF-α pre-treatment for 4 h, there 
was a significant decrease in the uptake of [3H]taurine and mRNA expression 
(Fig. 5a, b). The expression level of taurine transporter (TauT) in the rat retina was 
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downregulated with pre-treatment of organic cationic drugs such as paeonol and 
propranolol. The uptake of these drugs through the iBRB follows the cationic trans-
porter system but the taurine follows the TauT. So, these drugs can affect the uptake 
of taurine and expression level of TauT in the iBRB. In addition, the level of taurine 
in the cell depends on the TauT and the taurine synthesizing enzyme CSAD/CAD 
(Wu 1982).

When hypertonic media was pre-incubated for 24 h with taurine, paeonol and 
propranolol, [3H]taurine uptake and TauT mRNA expression level decreased sig-
nificantly in iBRB cells. However, presence of only hypertonic media induced both 
taurine uptake and mRNA level in TR-iBRB cells (Fig. 6a, b). Previous reports also 
indicate that the activity of taurine transport was upregulated by hypertonic condi-
tions and that such upregulation was associated with increased gene expression of 
TauT (Satsu et al. 1999). In regard to diabetic conditions, elevated levels of glucose 
may evidently disturb the cellular osmoregulation mechanism. Disturbance in 
osmoregulation may lead to cellular dysfunction. Our previous results also reveal 
that [3H]taurine uptake may decrease in under 24 h in cells pre-incubated with HG 
media (Lee and Kang 2013; Lee and Kang 2015). Presumably, under HG condi-
tions, pre-treatment with taurine, paeonol and propranolol, suppressed the [3H]tau-
rine uptake rate and mRNA expression of TauT in TR-iBRB cells (Fig.  7a, b). 
Therefore, we contend that taurine may be useful in preventing retinal diseases 
such as diabetic retinopathy. An imbalance in cell volume may cause retinal dis-
eases such as diabetic retinopathy, neurodegeneration, ischemia and macular 
edema, but taurine may be able to regulate cell volume in the retina (Tomi et al. 
2007). Taurine is highly concentrated in the retina where it may act as an organic 
osmolyte. Our study demonstrates the [3H]taurine uptake as well as TauT mRNA 
expression may decrease during pre-incubation with various compounds. Therefore, 
these results indicate that taurine may play an important role in maintaining a 
healthy retina.

5  �Conclusion

Our study demonstrates that oxidative stress and hypertonic conditions may increase 
taurine uptake in iBRB cell lines, whereas HG conditions may decrease such uptake. 
Pre-treatment with paeonol and propranolol under hypertonic and HG conditions, 
decreased taurine transport function, whereas these compounds had no effect on 
taurine transport function under the TNF-α condition. Pre-treatment effect of tau-
rine was shown in carrier mediated transport function under all conditions. Taurine 
transport system in the presence of organic cationic compounds is regulated under 
various conditions by TauT, and may play a key role in maintaining taurine concen-
tration in retinal cells.
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