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Abstract — Taurine, 2-aminoethanesulfonic acid is widely distributed in animal tissues and has a variety of bio-
logical activities. A recent worldwide study demonstrated beneficial effects of taurine on aging and age-asso-
ciated disorders. In general, taurine levels in the brain decrease when an animal is subjected to pathologic
conditions such as ischemia-anoxia and seizure. But the taurine levels tend to increase in the bramn in hyper-
tensive state. In the present study, the blood-brain barrier (BBB) transport of [°H]taurine was compared
between spontaneously hypertensive rats (SHR) and nommotensive Sprague-Dawley rats (SD) using intrave-
nous injection technique in vivo. We also obtained pharmacokinetic parameters of plasma volume marker,
[Y¥C]sucrose and [*H]taurine after inject to rats simulatenously. BBB permeability surface area product (PS)
value of [*H]taurine in SHR (16.122.9x10~* ml/min/g) was significantly higher than that in SD (7.4+ 0.8x107
ml/min/g). There is also significant difference for brain uptake of [*H]taurine between SHR (0.195£0.031
%ID/g) and SD (0.058+0.003%ID/g). This is due to difference of area under the plasma concentration-time
curve (AUC) and that of total clearance (Clss) between SHR and 8D. No significant diffcrence was indicated
from other organ uptakes such as lung, heart, liver between SHR and SD. But also kidney uptake was much
higer in SHR. In conclusion, [*H]taurine in plasma was slowly eliminated in SHR than in SD and brain uptake
of [*H]taurine in SHR is much higher than that of SD. This results suggest incrcased taurine level in the brain
in hypertension state have an any effect on the brain uptake of taurine.
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Hrlsled £ A€ 2de] 4 9let (Yamorl F
1988; Murakami =, 1995). ¥&] <FE-FakE A gsl=d|
= FrHA #E, & 8N FF (blood-brain barrier,
BBB)} # - & 4] -7 (blood-cerebrospinal fluid
barrier, BCSFB)o] ZMslEd| AAl= 2 2Ad 3
AZZ o]Fe] Fow, FAE= wHAeYe] FHEAg] W
gzow AEo] kW, M. Pardridge, 1995). 53]
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9] ¥ $Fo oA BBBY &L wi-f- FodH
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2 7= SHR#} A intravenous injection techni-
queils o83l FA oAl FolA taurineS A1es}
o] pharmacokinetic parameterg- ¥]3 AMET} F o] 2]
BBB permeability surface area product(PS)2} organ uptake
9 clearanced AHEShe] A4 B2 BBB F
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2 o] AME [PHltaurine(NET-541, specific activity;
24.1 Ci/mmol, NEN Dupont)ye FolA|eF 4Gl A
FFHAL, [MClsucroseNEC-100X, specific  activity;
442.0 mCi/mmoly2- NEN DupontdlEGFAAN, Aere T
Ysled Apg-slec).
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(1) AAEse] 3172 Sprague-Dawley (SDYA &4
AAE A5 ARTEGFEPIM Tdse] AR W A=)
F& AfRo] FFEEA 1257 S T2 &
7ol AT 230270 g AFAE Aol AMEstr)
g4 FA7= g7 o5V ddg Y8 e 11843
mmHg (n=18) L}ehfgic}.

(2) A4l 7384k 2F (Spontaneouly hypertensive
rat, SHRy= It AR5 Q7holA 4533 <k,
g 3L FF ol WA F g Aol sFEHE
44 3= (230250 9)F Agel] AMElAH Heh £37]
2 7 %7 dE ZA% A= 18943 mmHg(n
=18y e st
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Normal saline2 59)A¢F A|E-2, sodium heparin
Elkins-Sinn, IncAlES FYstdx, v Al2 ketamine-
HCIR3Fl s ARslgd, 7] 485242 soluene
350(Packard, AN &tAred)s Abg-shet. WAAY EHE
hionic fluor(Packard, A18HAHd Y& 718t Z48l9 L, 7)€k
AleFe 2 HEPES(N-2-hydroxyethylpiperazine-N'-2-ethane-
sulfonic acid), CaCl,H,0, MgS0,7H,0, bovine serum
albumin(BSA, Fr5, Cat No. A4503), rat serum albumin
(RSA, Fr.5, Cat. No.. A2018) 52 Sigma Chemical
Coo M Y8l A3}, choline chloride, KNO,,
NaHCO,, KHCO,, KH,PO,, KCl, NaCl, D-glucose, NaOH
g HCE: HAke] 8l A T4l

=gk 2 Ayl AN 714 A AT o 7

Infusion/withdrawal pump(KD scientific, model 210),
thermostatic blanket(Temperature control wnit, Letica, HB10
1/2), bipolar coagulator(Union medical Co. Surgitor UM
880-A), microcentrifuge(3td 3} A3 (), Union 55R,
Micro 17TR}), pH meter(Mettler, delta 340), hot plate/
stirrer(Coning, ~ PC320), wF7|(HZ717]),
(Saritorius, AC2115), ~& 7|7, B-radioscintilating counter
(Beckman, LS6500), blood pressure analyzer(ITC Life
Science).
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Intravenous injection techniquefd

230~270 g2 34 AAHEF 2 230-250 ¢ -$4 SHR
ketamine$ T-HFAIE] wlFHA)7] F &5 oiE FH}
Ao PE-50%-2 AMlslgdch. [PH]Taurine (3 pCirat)
[14C]sucrose (1 pCifratys Ringer's-HEPES buffer (RHB,
pH 7.4; 10mM HEPES, 14 mM NaCl, 4mM KCI, 2.8
mM CaClL)l| &atsled ZAlg} o 200 piE FA7le)] @
o] tiF] AHez F<lslole} e FHoRHE 025, 1,
2,5, 15,30 4 60%s] WolS AP F YAlelsled ¥
AL dolA soluene-350 ImiE 718l £3)A)1Z) 3= hionic
fluor 10mlE- #H 2 7hste] EFFE F *HMC double-
isotope scintillation counting® 31T},

g TolP T G0Re] FA DEs] M, 7, 417,
Zh, RS HESl] $27I9E olfstel $RE AR F,
ZF A 100 mgelAke] dAl=ks Fshe] AeFskal soluene-
350 3miE 7ksled 60°C, 3217 Bt 7hdste] 4jAIR
% hionic fluor 10 miZ- Yol 7+ 2AFL] WM S
2335t

Pharmacokinetic parameters2} brain uptakes

Pharmacokinetic parameters= plasma radioactivity data
£ UCLA Health Science Computing Facilities®| 4] 7}
W&} derivative-free nonlinear regression analysis (PARBMDP,
Biomedical Compute P Series)Z o|-83}] biexponential
equation®] A-8-3}o] Gibaldi®} Perrier (1982)%] <]l
wje} Ao,

A=A e A e

7] A A(t)x plasma radioactivity®] %ID/mle]™
IDE Fofggolet,

Datz= weight=1/(concentration*Z ©]-43}¢] o ¢37]e]|
A] concentrationr2 %ID/mkE £w]gle},

Plasma clearance (CL), steady-stateol|A1] apparent volume
of distribution (Vdss), &AE X X]7F FA3hH4 (area
under the plasma concentration-time curve, AUC)#
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TAFA ZF(mean residence time, MRT):Z Al, A2, kI,
kK22FE F3lgoiKang 5, 1995; Kang#} Pardridge,
1994).

D

CL=
AUC

AUC= A + Ay

kl k2
MRT= (A/KY +A/KE)

AUC

D(A /K3 +A,/K?

Viss= (AVKT +AKy)

AUC?

*§714 D F<i7F (dose)o| ™.

Brain®ll %14 Z+ E729] BBB permeability-surface
area product (PS)= & AA7]oA&] organ clearance
rate, Ki (Wmin/g)e} FL3t &fnjo|w] w35} o] A4k
%o} (Pardridges-, 1995).
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Vo = g385 ®AAe] [“Clsucroses] A7 EX843
VD = ¥ == 7+ Ar)eAe] 82 x84

Al Fol A A7} Fof| ] E= O E AR FE0]
427k %ID/geE vehfelAH G} 7] Pse}
plasma AUCE Jehfle]Zc} (Pardridges:, 1995).
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unidirectional influx’} Yot vHe, A ZHE o
29 efftux’} Uit FEE deblis 222 organ
uptake= FARFE] 4 AJ7bl|M] %ID/gR viehfeizlct,
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Pharmacokinetics
A5 (SD)%H SHReIAM [*Hltaurine?} plasma volume

markerq] [“Clsucrose® A#Foiqt F 60% Fek] 3
Z %ID/mIZ Fig. 194 vlaslgel. [“C) sucroses] &
A AEEE F Ol Al Aelrt glert ¥
A% PH]tavrine®] 48 AAl3F oA B} SHReA A
A3 etz gleE & 5 U+

PARBMDP programg ©]-&3}q AAkel Z4zke] EAlo]
parametergo SHRI} ZAslFo|A] H]iSle] Table 1¢]]
velliglel. el AW FARELT 608 F2] pharma-
cokinetic parameterS—o Y]] ¥ [PHjtaurine®] elimina-
tion ¥7t7] (t,,, minyx SHRe| 33.0+1.0, AAIFE
R.782.5802 F FE FolAM [3Htaurine?] &4 HE7)
= AR o 5 gtk =g, SEEjejyae A
o M 36.5+1.3 ml/mim/kge)$l?, SHReAE 27.6+1.0
ml/mim/kg® 2 SHReIM 25% Axe] Z4E Hyrh =
ATeM delA AL [“Clsucrose®] Z
parameter®] ZFEe] 7)€ ¥ agl =79 b (Amir &,
1994)7 $AKE1EE FAlo] Felgh [3H]taurines|H 613
7} parameter?] ZEE 41FE = Qlelal AlEdet

Akl el SHRe 9leiA [Hltaurine®] organ uptake
8} clearance= ZHZF Fig. 29 Table 3ol Ae|s}e] v]ws}
At Taurine 484022 kidneysl| A &5 2 wide]
o2 Ao vlsl 24 Jeld® SHReIA [*Hltaurine?]
AUCP T AAkglsel] ulsl Egkr] ool A=Az 7k 2
71 EpAS) SHReA =4 vrepsdc}.

Brain uptakes

Parameter=24] @olZl AUCY| Zhg o83l [*Hltaurne
9] brain PS ¥ uptake (%ID/g)E AAlgF Z3= Table
20 vbebf¢lcl. [PH]Taurine2] brain uptakeZk-= SHR
(0.20£0.03 %ID/g)ellA A2431F (0.058£0.003 %ID/g)e
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Fig. 1. Plasma clearance profile [H]taurine or [**C]sucrose in
SHR and normal rats vs time after single intravenous injection
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Table 1. Pharmacokinetic parameters of [*H]taurine or [“*CJsucrose in SHR and normal rats

normal SHR
Parameters - -
[*H]taurine [“C]sucrose [*H]taurine [“C]sucrose

Al (%ID/ml) 2.141£0.24 3.13+0.46 3.66 £0.48 473144
A2 (%ID/ml) 0.16 +£0.01 0.79 +£0.03 0.23+0.02 1.44£0.22
K1 (min-1) 0.82 £0.07 0.59£0.15 0.87 £0.09 0.72+0.11
K2 (min-1) 0.021 £0.07 0.030 = 0.001 0.021 £0.001 0.027 £0.003
t1/2 (min)

Distrbution 0.86 £ 0.07 1.34 +£0.32 0.81+0.09 1.03£0.18

Elimination 327+£25 22.8+0.89 33.0+£1.00 27519
AUC,5, (%ID/min/ml) 7.96+035 2734052 12.2+0.71%* 513+7.5
AUCtot (%ID/min/ml) 10.0£0.23 31.6+043 154+0.78 643x11.2
Vdss(mlkg) 1290 £ 158 369 £ 20 968 £ 54 240+28
CLtot(ml/min‘kg) 36.5+13 13.440.1 27.6+ 1,0% 6.88 +1.03
MRT{min) 35240 274 %1.6 35.0£0.8 354132

Plasma measurements were extended up to 60 min for [*Htaurine and ["*CJsucrose. **:P<0.01

Uplake{%1D/g)

liver kidney lung heart
organ

Fig. 2. Organ uptakes of [*H]taurine in SHR and mormal rat
was measured at 60 min intravenous injection

Hls] < 3e7b =A deRdo) o] AUCO—607} SHR
(12.240.71 %ID/min/mlyell A 734+ (7.9640.35 %ID/
min/m)BEc} 1L5e) 57} slla EAo) af-FAd==el PS
9] zke] SHR (16.1£2.9 wmin/g)oll A A3 (7.440.8
pimin/g)ell B3l oF 20 Folsled7] @&l psel AUCS]

Table II. Organ clearance of [*H]taurine

Clearance (ul/min/ml)

organ

SHR. normal
Liver 84.0+16.0 84.0+5.2
Kidney 458+ 15 301+74
Lung 138 %27 116 +8.3
Heart 59.0+3.7 592£3.7

Data values are mean + S.E (n=3)

FOZ AAtElE %ID/g, Z brain uptake’} SHRe|A -
2JAQl zbelE eI

SHRe| A= taurine®] A7AF cysteineol] A cysteine
sulfinate=2] THAE &Z]8l= cysteine deoxygenase?] %
o) oFEbE|gly) ool 3] AAksIRe) 4w, striatume]
A EAEE= oysteine sulfinate®} taurine®] F 5= &AM
FHell vlsf] A" Aeeldt (Kuriyama 5, 1984). 2 o
TFAME HUA taurine®] FE/F SE HelmdaF
(SHR)=} A A31# o)A taurine®] brain uptakeZ &7, )
WERT taurine®] AW HE AFAAE W TIHA. 2
i} taurine®] AFE brain uptake®E FAFT| HIM=

HE9 WA taurined] T3S} BAgle] i 4

Table II. Brain Uptake for [*H]taurine and [**C]sucrose in SHR. and normal rats

normal SHR
Parameters -
[*H]taurine [*Clsucrose [*H]taurine [“Clsucrose
Brain V4(ul/g) 1190 £ 79 68.0%9.0 2690+ 417 436+ 273
PS(ul/min/g) 7.3+90.76 0.321+0.05 16.1£2.9* 2.80£1.60
%ID/g 0.058 £0.003 0.0091 £0.0013 0.20 £ 0.03* 0.13+£0.06

Parameters were estimated afier 60 min intravenous injection
Data values are meam £ 8.E , *: P<0.05
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