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Abstract — Taurine has a neuroprotective action from oxidative stress in neural cell. In the present study, we
studied taurine transport under basal and stressed conditions in conditionally immortalized rat brain capillary
endothelial cell line (TR-BBB13) in vitro. The uptake of [*H]taurine in the TR-BBB 13 was increased by time-
dependently and dependent on both Na™ and CI~. Furthermore, J-alanine strongly inhibited the uptake of
[*H]taurine in the TR-BBB13. To study the effects of oxidative stress on taurine transport, we used diethyl
maleate (DEM) and lipopolysccharide (LPS). Diethyl maleate (DEM, 300 uM) significantly reduced uptake of
[*H]taurine by time-dependently until 8 hr exposure in TR-BBB13. But, the [*H]taurine uptake was not
changed by lipopolysccharide (LPS, 10 ng/ml) in TR-BBB13.

Key words[Jtaurine uptake, oxidative stress, conditionally immortalized rat brain capillay endothelial cell line

Taurine (2-aminoethanc sulfonic acid)-2 3 §-f- °}w]
b F FRA o A FEEe] o7 B2 A
A el 715 S st 9lEv (Huxtable, 1992), 53]
%5321 7] A (central nervous system, CNS)¢ll ZF-F-8}A &
Asle] AFeE AT 474 23 E (newromodu-
lator)=} 217 A &E% (neurouansmttel) 9] &2 53k
tH(Huxtable, 1992; Wade &, 1988; Huxtable, 1989; Pas-
antes-Morales 5, 1997). =8} taurine< glutamatee} -2
FEA obv]| :Al(excitatory amino acids)el] &AM Fx
= ERA EA(excitotoxicity) L2 B HAAANEE
B &&= 28-S 2r3 glvh(French %, 1986; Trenkner,
1990). & " S(ischemia)? A At F(hypoxia)el] ]34
FEEHE HAAAEZ 4 E taurineo] E22H-S o}
ebhiicty <8lA 9l=v, four-vessel occulusiono = &
S doHE 9 tawineo] AE £4-E JA g = B
27} 9 vKSchurr 5, 1987; Matsumoto 5, 1991). &+
ol &= taurine©] cerebellar granule 4| F.ol| A free radicale]]
o3t A EL£AE ¥ 53 s B3} gl vh(Boldyrevs,

1999). o]u] &H.x IHi(blood-brain barrier, BBB)l 4]
9] taurine?] $4 A HAME G2 ZAEH VT
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A w ok A (primary cultured brain capillary end-othelial
cell lines, BCECs)E ©] 88 A @A oA i TFo
ZA = Na®, C- 2249l taurine %4 (taurine
transporter, TAUT)E E3] HE $45He] Zrts Aol
o=lA elcHTamai 5, 1995). & ol transgenic rat
harboring temperature-sensitive simian virus 40 (ts SV40)
large antigen gene (Tg rat)oll A} 7] sted =7 EA13
A £ (conditionally immortalized cell lines) S A& 4
7] 3} 99 T (Takahashi &, 1999). ¢| 23 EALE f*ﬂ EFF
BCEC A&7 wis] T&2] A& #2A712 54
37] #9 g o] AEF co-culture”d 7h5E
-8 A3 9w (Terasaki 5, 2001).

2 dFe M ot A BALE AFH M ZA
& Z | EF(conditionally immortalized rat brain capillary
A28 taurine®] g F4d 74

713% in vitro taurine uptake 2 AME-3}ed ¥E| AL
3loivh. =3 BBB A FEofA ArEA "Eaﬂ o o]z}
AR E 24 Aol M2 taurine] ol BE B
37} 9o BE B A EFo| A ALEA "‘E"—ﬂ"“’ﬂ 13t
taurine =52 WHEE Y A] in vitro tawrine uptake™ =
Ahg3te] oty A stk B AN LR 2
EdAFE AHE U] kel A EW reduced glu-

endothelial cel! lines)&

gi
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tathione (GSH)Z ZA]7]E =24l diethyl maleate
(DEM)$} endotoxin®] 3l+}el lipopolysaccharide (LPS)E-
A s

Agdd

Al 2 717]

[2-°H(N)]-Taurine ([*H]taurine, 30.3 C/mmol)¥} [carb-
oxyl-'“Clinulin ~ ((**Clinulin, 1.92mCi/g)<- NEN Life
Scienceol] A T4 8l3 v}, Lipopolysaccharide (LPS)+ List
Biological Laboratories, Inc (Campbell, CA, U.S.A.)ell A
T8t diethyl maleate (DEM), B-alanine, taurine=>-
Wako Pure Chemical (Osaka, Japan)oll Al % 3ed AR&
vt 71e ZE A2 AF ojAke AES T
of ARg-s}slct.

M= ek

TR-BBB13 A|X® 3= temperature-sensitive SV40 large
T-antigen geneS harboring®} transgenic tatell A} ejm] B
3 e vy o2 93k (Kikuchi 5, 2000). £
Qo= o] NEFE A5ttt TR-BBBI3 Al £&
33°C, 95% 0,, 5% €O, EZ1o|A 20mM NaHCO,, 2
mM L-glutamine, 15 ng/ml endothelial cell growth factor,
100 U/ml  benzyl penicillin, 100 mg/ml
sulfate, 10% fetal bovine serum<s F&3}= Dulbecco’s
modified Eagle’s medium (DMEM)olA] wf kA z o
Kikuchi Z, 2000).

streptomycin

TR-BBB13 MZF0IM [*H]taurine uptake &
24-well plate (Becton Dickinson, Bedford, MA,
U.S.A)°l TR-BBB13 A £Z 1.0X10° cells/well®] =
T2 7Zolr 33°Cel|A  48A17F wjeksigiTh [PH]
Taurine?] uptakeZ T8l AFWE-2 oln] BITE
=22 FAsgch(Kikuchi 2, 2000). WA TR-
BBB13 AHEZE 37°Ce| A ECF buffer (122 mM NaCl,
25mM NaHCO,;, 10mM D-glucose, 3mM KCI, 1.4
mM CaCl,, 1.2 mM MgSO,, 0.4mM K,HPO, and
10 mM HEPES, pH 7.4)Z 3% A& 39}l Uptake
A8 37°C A 1uCi [PHJtaurine® 0.2 uCi [*C]
inuline] E¥% ECF buffer 200 uls & £38ked ¥h-E
& Aztelgdvl. Az 18, 5B, 108, 3087 434
7 F AE43d £4L AABI 4°CH isotope-free
ECF buffer 1 ml& A £38le] WS Az A
%2 | N-NaOH 750 ul& *o]x 50 S DC pro-
tein assay kit (Bio-Rad, Hercules, CA, U.S.A)E A}
43ted protein®S A FIIET. F2 FY 500 ulE

scintillation cocktail (Hionic-fluor, Packard, Meriden,
CT, US.A) 5mizt 2 &3l PALEAH S 5A )
At

TR-BBB13 MZF0A 0|22 Ofd|i-0] [PH]taurine
uptaked| D|X|= &t

Sodium ©]-&(Na")Z} chloride ©]-2«(Cl7)°| [*H]taurine
uptakeel] W H = ©JgEL GolHr] HFHAM Na® free
buffer$} CI- free bufferE 7121 TR-BBB13 A EFo
Al [PH] taurine uptake A S AR Nat free
buffer ECF buffere] €8+ Na2 2£ 3 E9
choline &2 X & &}ed gt59 X, Cl- free buffer: ECF
bufferel] ZA 8= Crg& Z2 %Y gluconate® 3
gste] THEGT Uptake AH-2 37°Cel A 1pCi [PH)
taurine} 0.2 uCi [MClinuline] ZE3+¥ Na® free buffers}
CI- free buffers Z+7} 200 ul & &-3fe] 5E2F WA 7]
3 ek 22 upg o ol el okat wiAlEA S 4
alodet.

=35} unlabelled taurine®} P-alanine®] [*Hjtaurine &
o wlXE 3L 27| fl8ke]  50mM unlabelled
taurine¥} 100 UM B-alanine°] T HFEHEF FH| 3 ECF
buffers| A] 527} [PHltaurine uptake A8-& 9} 22
by oz A A3

TR-BBB13 MEF0M M3H AE#HA Y SHO|
[FH]taurine uptakeoﬂ o[xli= H&

PH]Taurine <&l "3 immunostimulanty] LPS$}
8}z AbstA| Q] DEM=] <33& dolR7] A& TR-
BBB13 A EF)| A uptake A B S A A3 10 ng/ml
2] LPS% 300 uM DEMe| EF=E=F FAg 2rzhe]
ECF buffers] 1uCi [*Hltaurine®} 0.2 uCi [*Clinulin$
A g-8he] SEZ; HESAI 7| $1 9} 22 WY L2 A us)
At

=5t DEM %8 A|Zlell whE [*Hltaurine uptake2]
#HE oolB 7] $3te] 37°ColA TR-BBBI3 MEEF
300 uM DEM-& %38l ECF bufferell 22 4417, 8
A7y, 1247, 247 E¢E X=EA)F) F 1pCi PH)
taurine® 0.2 uCi [“Clinulin2- 587 A -§-3}of ¥H§-A]7]
T ] of3) whabEA S 9)9f 72wy o R £A

a5t

E1IOIE1 2

2= dolH= 7 AF 3o Y3 Fd REL
2} (mean*SEME ZABIEY. F 257 A
student’s t-test® A AFSLIL p<0.059) 712
sl 71slslvt.
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Fig 1. Time-course of [*H]taurine uptake by TR-BBB13. Each
point represents the mean+ S.EM. (n=3)
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Fig 2. The effects of Na"- free and CI™- free conditions on the
uptake of [H]taurine by TR-BBB13. PH]Taurine uptake was
performed at 5 min. N&*- free or CI- free conditions were

prepared by replacement of equimolar choline or gluconate. Each

point represents the meamS.EM.{(n=3). P<0.05 significantly
different from respective control.

Maz

Table I. Effects of different condition on FH]taurine uptake by
TR-BBB13

Condition Cell/Medium ratio (UW/mg protein)
control 82118

+ taurine (50 mM) 8.60 = 0.42

+ B-alanine (100 uM) 6.47 = 0.35

+DEM (300 uM) 10.6 = 0.6

+ LPS (10 ng/ml) 81.3 + 4.8

[*H]Taurine uptake was performed at 5 min. Each value repre
septs the meantS.EM. (n=3). P<0.05 significantly different
from respective control.
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Fig 3. Time-dependence of diethyl maleate (DEM) treatment or
[*H]taurine uptake by TR-BBB13. DEM concentration was 30(
uM. [PH]Taurine uptake was performed at 5min. Each poin

represents the mearS. EM. (n=3). P<0.05 significantly differem
from respective control.

A st ok WA TR-BBBI3 A EFeA v-g A e
u}-Z [*Hltaurine uptake®] W 3-E dotE7] 9} A¥S
A A1g A#h PH]tawrine uptake= A|Zbel] whEl A A A
L2 F7Hee A & T YA SHFig 1). TR-BBB13
M EZFA] Na* free buffers} CI- free buffer®- AM&-3}
e W [*H] tawine uptakeX= ECF bufferS AHE-3191
S W2t F bufferol M BT oF 99%e] 4 24t A3
E e ohFig 2). =38 50mM taurine T3 100
UM fralanined AH2stdE = 5872 [PHltaurine
uptake= control# ¥ W&} & W) 90%e] A}t FHAF= A
2 < <= 93T (Table 1).

Abetq ABHaF fEhe 248 A W
BBBY| A taurine®] % WE-E odolir] $)8ke] TR-
BBB13 A} ¥ 300uM DEM ¥ 10ng/ml LPSE
A sl 52zke] PHltaurine uptake®E ZAMSE L
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300 uM DEMES AHM=lslg2 W [PHltaurine uptaket
controlell H]&} <F 87%7} ZrAslG el L@t 10ny
ml LPSE A4S ol [Hltaurine uptake”}
control#t W]l & o FlH<e] WIHE ez
X3 ch(Table 1).

=3}, DEMo| [*Hltaurine uptakeol] #]*]& oJ3Fg o
of® 7] 9]sled 300 uM DEME A 7hE Ze]ste] A
253l 522+ [PHltaurine uptakes #A}elg]oh. DEM
5 8AIZFEr AXEsEE W [Htaurine uptake”}
control@} W] s}ed 7}AF wheo] A= T, 8A)7F o] F
ol = Alzhel] uwhel Fr1slel A 24212 AAE AL
ol = control#} Ak 74E- vERH I Fig. 3).

i &

B odP= 2719 EALF &#3F brain capillary endo-
thelial cell line (BCEC)Ql TR-BBBI13 Al EF¢]| A taurine
o] % BAT AEPH ~Ed o) W tawine T4
HEE odoli 7] #3814 $astsirt. TR-BBBI3 A 5
33 A A& A £ HE ¥ oh® &
o= ME e} H co-culture”t 7153t 71E2] primary
cultureel] B] & in vivoell 7}74-E AFAE WE & AU
(Tarasaki 5, 2001). AA) 2 TR-BBB A|EF9 =77
2213} 313 astrocyte M| EF(TR-AST)E co-cultured}
S o TR-BBB A EF ©Hea] XHo GLUT-19
mRNAZ} 100 A& & Zo] HFEF o] Z] 3 yglutamyl trans-
peptidase (7-GTP), alkaline phosphatase (ALP)2} 22 &
A2 FA o] 5-108) =7}8}ed in viveol| ZH7ME AL o}
ebdichi= W77} 9l oh(Kikuchi 5, 2000). TR-BBB A £
Foll MEZZE A Fefdhs ©HAQ occludin,
claudine-5, junctional adhesion molecule (JAM) 52
mRNA & o] Fm =g ek (Hosoya 5, 2000). =3t
primary cularee] H]sjAM FE2 AL EL 5 9l¢]
AN LA in vino BR o2t & & glch A7t
Al ol#gl &z1A BAalsl #F BCECoA  glucose
transporter (GLUT) (Hosoya %, 2000), GABA transporter
(GAT2/BGT1) (Takahashi 3, 2001), monocarboxylate
transporter (MCT1)(Mosoya &, 2001) 52 £x]7} &4l
=¢iwh. BBBe)| A8l taurine transporter (TAUT)E
Na*, CI- &]&H o] [-o}u]=ilol| OJ]A] taurine®] &=
Zo] AHe Aol IvH(Tanai 5, 1995). & A&
Az z7% BAMg &3 BCECY sltel TR-BBBI3
A ZZFo| A [Hltaurine uptake”} Na®, CI- £]&3 o]H
unlabelled taurine™} B-alaninee] 2s)A A== A&
o 4 %9 3(Fig. 2, Table 1), o3> TAUTY < %
g

AE st 252 244 2448 34 BCECH

A TAUT®] EAF ALz whedshe 2]
TR-BBB13 A ZFol A TAUTS 24 & A
g FaF] Qlel. gk, AR AEd e €
taurine uptake®] W3 E R FE ofd] =F 52 BI7}
8131, human oral carcinomaZ -8 £33 KB31 A=
T2} colon carcinomaZ5-E $FHE LoVo AH|EFo
H,0, (1mM)E A 83t53E o taurine uptake: control
of wjs] Zradhe HAAE vleEbl ol vk (Wersinger 5,
2001). =&k Murine macrophage®| A lipopolysaccharide
(LPS, 1pgmhE Ae)stge 4 A taurine uptake”}
ZHadohs 2171 g)oh(Romio 5, 2001). 28] 31 Caco-
2 MEAMZ LPS (1 pugml)el] 2|84 taurine uptakeZ}
157% Zragcts BuEe] 9uHOFaherty 5, 1997).
v o)} w2 33 astrocyte Al EF| A= LPS
(10 ng/mlyE 4847 Aels}g2 o taurine uptake?} -
old oz FrlEHE RS BedF+¢ oH(Chang, 2001). 73
ARt B AdeA =714 BAbd 817 BCECY TR-
BBB13 MZEF<AE= LPS (10ng/ml)ell 218]A taurine
uptake7} °FZF AT S B FoH ] FHE el A
FUHTable 1). 222 =] =79 Ao 2 A9
AHT T MEFS 543 M= LPse) o)
whelA] LPSell ]38k taurine uptake= HI}E L givl=
AL o 4 ik

E AgeA TR-BBBI3 M EFe] [PHltaurined}
diethyl maleate (DEM, 300 uM)Z FAle] ¥ &3}
uptake A3 -2 A 289 L = [*Htaurine uptake”} <
Ho 2 7H4El9 I(Table 1), TR-BBB13 A Ze DEM
(300 uMyS 8217+ A A28t 5EZE uptake A E-E A
Algtg S deolx 9A] PHltaurine uptake?} Fj 822
age 4 5 dddEe 3. 2T F 2NN
DEMe] taurine®] uptakee]] ©]#]3= 93] z}o] & el
T e, Al E DEMS AAE & Aol eiMe
ZIAZE db- A 7] Foh Al 2e] £ o g BAMERS-
Ex JAENE 5o] Feof) o8 FFAF Aol o] S 1)}
ek Q2R o] & whedshs o Lav) gled A
A B o o3 A £AF A Ax
| M9 55 FF(active ansportyol] B g ALEA o

- Ab=A (oxidative metabolism)yg THAIA n virodl A

taurine uptake:’}- 2 AghThal B ElA %ﬁ}(Saransaari =,
2000). £3 X A3 A3} TR-BBBI3 4| Z] DEM (300
uM)E 8AIzZE AA e 8191€ W [*Hltaurine uptake?} 7}
A ko] ZEAELAL 8AIZY o] B F71Eted 24417k A A =]
3192 "WolE [PHitaurine uptake”} control®} AR 7
= & 7 UATHFg 3). °1BS FFHE HO0,0 ¢ A
ke Absla] AE# el 284 superoxide dismutase
(SOD)®] &4 o] W38l Bga A8 S Holal
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Aed @SS F, 200 1), AR EA FA 0 ‘ﬂ']’ﬂ' Ak
#2 2E#H el 213t taurine uptake ¥ 3ol ©f )
FARES o'lE 7],_41—]5 }\371204 7;]\_-,][.

AEHRLZE F7134 EAFE rat brain capillary endo-
thelial cell lineQ)] TR-BBB13 M| EF<l|A taurine uptake
= A7 o EA 07 2718l Nat, CIre] &4 o v unla-
belled taurine™} B-alanineo] 2J8A =) =w] DEMe)| <
s s Akl 2Eaae] 95 2Rs g},

NG

B ATE oA g 2001shd % 3y o)
a!

2 gel 28 fPFgon o] AT} FAREF o}
= T. Terasaki WFAbol| Al ZFAT =31},
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