f=X=1+)
==l |

RIS RO A (SAM)2}
ol L] A
golgl

- olLpH

==13|A], The Jounal of Applied Pharmacology, 10, 218-223(2002)

A& OFRAICRYIM EFREIS|
S0l H[H

- Y

SRR oele) et
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Abstract — This study compared the blood-brain barrier permeability of [*H]iaurine in senescence-accelerated
mouse (SAM) and normal mousc with common carotid artery perfusion (CCAP) method and intravenous
injection technique to establish a possible relation between aging and changes in tissue levels of taurine. The
SAM strains show senescence acceleration and age-associated pathological phenotypes similar to geriatric dis-
orders seen in humans. In the result of this experiments, the plasma clearance of [*H]taurine in SAM was
almost comparable with that of normal mice by intravenous injection technique, but the brain volume of dis-
tribution (Vp pm) Of [PH]taurine in SAM by CCAP method reduced by 85% compared with that in normal
mice. These results suggest that aging may have an effect on the brain transport activity of taurine in disease

state model animal.
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Taurine (2-aminoethane sulfonic acid)= sulfonic acid
18-S 7M4 Bamino acid2 53] FFAAA | FH-3)
Al 2 sk 4174 A DB (neurotransmitter), 4173 28
Z (newromodulator), A E=F  ¢FA #Al] (membrane  stabi-
lizer), AFF%F &% 2-4-(osmoregulation) 53 & JITL
28513 Qv Muramatsu 5, 1978; Kuriyama -5, 1983;
Wright £ , 1986; Solis &, 1988: Huxtable, 1992).
Taurine2 ¥ M= 72 A A5} B F-E- S4F
< 3 AF3AE 7Ee] A methionineo] v} cysteine2 £
e A= =9 (Wu, 1984; Tappaz 5, 1992) taurine©]
oz QA 7I5E ] AsA H2e] %
AL g4l Aol AANE in viro EY-x "“]’“'_
(blood-brain barrier, BBB) B¢l & RA & WA
X vl }A) (primary cultured brain capillary endothelial ceil
line, BCECs)o|A4 Na*, CI 2]&A2] taurine %A
(taurine transporter, TAUT)S] £A07} ¥8 %] 3(Tamai 5
1995) E7]9] x| A4 F-F-(blood-cerebrospinal
fluid barrier, BCSFB)ol| = taurine £~5A 7} &) gvhe

*To whom comrespondence should be addressed.

7ol HIH v Chung 5, 1994). Taurine>- oA &
& (ischemia), #]AFAZ(hypoxia), #3335 (hypoglycemia),
free radicalel] £]8t AMERH ~Ey~2 45 AAME
23S B Fe 242 el Wi HEFT e
ofe] 7}A| #4174 A& ool o5t AAME £
28] A & 3ol Alzheimer’s disease, Parkinson’s disease?)
ARl o]8dE £ 9l& o2 AE ¥ H(Huxtable 5,
1989; Saransaari -5, 1997).

x5} delrp BBBelE oi®] 714 WEy} 2=,
(8 D T g M 2 e S [ ) g e T = g

—-7]-5}'—-" =2] geflghA el W3l ¥ op el tight junction
2] F2A 4}49} ol Eo] $5AS “H7Hi e Al
Aol 24 ] SAl MEE Ao = AL A
ol Ae] e 1‘“]§ 53 2] WHE Jdosd &

HGul 5, 1997). Taurines] UAME =3} Aefol A&

2 el »ls 1*]‘413] b A Bt gl

THDawson £, 1990). & Wistard] HF oM £
(striatum)&F o 3 22 (cortex)l| A taurine] =7} A
ok &}m(Benedetti 5, 1991) AArel=} w)wslgl & o
Alzheimer’s disease A1) cerebrospinal fAuid (CSF)el] A
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taurine®] F=7} 25% AHE FdFHe] ivheE AR IR
slthAlom %, 1991). =3 =32 d2o7]%= ¥<lal 4t
spal 2mdloat %0 Helsh TNF-o 5o SaMs
taurine®| gl WEEhehe Bk 9dvkKang §,
2002). ¥ A@HM 2704 43}t 2AF] ¥ 2AER
M| FEF(conditionally immortalized rat brain  capillary
endothelial cell Tine, TR-BBB13)e]l Atg# AEdAE £
Wl B¢l diethyl maleate (DEM)E X 2]3}4 S o
taurine] 4edo] ZAFE AAES AYdds 5,
2002) o]= Xxglo]] 2)3 BBBE] WEZE taurineS 45}
= A9 b 536 uE WEE 95T 5 9lA
E']rt 2= ]-.

a2HER B GFE i vined) A Vel AaEe] o)
sted in vivool| Al =FEA T EFE¢l senescence-acce-
lerated mouse (SAM)Z} AHAF wF-A~(ICR)SIA] A Fod
Hal F7 59 IFH(common carotid artery perfusion,

CCAP)& A-4-3}e] taurine®] BBB Fa}Ad-& W] wslil =
%17} taurine®?] BBB $4ol o w g}t °§W¢k o)X EA] E
orolR.yA} shgiet, 2 Ao k3 29 FEFE SAM
& AHEagEd ol 9B TE dEela 1968e
Ao 2 AKRA w5 AddA oz wefste] vhs
o]Z AeB 1 F 2 Age] AFE3 senescence-prone
inbred strains (SAMPS)-: o17ke] xeolw 3} frAlgh ¥z
sz HARS- el o] A ‘S‘]-}‘Z]-QH 71 A e, Lte] g} =
HE ZFA Al /‘“°]7} el fYr)se] ofsiEe] 9l
2 w|A AN el circadian rthythms2 el ¥ 115 o]
9] =H(Takeda &, 1997; Takeda, 1999).
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[PH]Taurine  (24.1 C¥mmol)®} [Clsucrose (442 mCi/
mmol)= NEN Life Science (F7AF, M2) AlES 73
8l ot Taurine2- Sigma Chemical Co.2] A|FS& 43}
o2 2242 Soluene 3507} HFALEAIZA o] A4
%+ Hionic-fluor= PackardA| &2 A, A1) ARE-
slode) 7]} A ke AF o)Ak A B HAale| FEHF)
oA F48le] AHEEE .

HEZRYFTIEE SAMPRS & h}%—} :lu“ El
U2 SAMEE]o| A Fefrol W] 3

Al 87 E 7 vh2(2025 o) F A E e "]%‘ At
= AAEEZE ICRA A vhr2E MERE(F)ol A

Tl Alst wigk Alme} B AFE o o%_}ﬂ/ﬂ
125 71 S5 Al¥AM H3A17] F 8580 H oF
25-30 g2 mR-AE A ¥ ASlE T

EHSY LR H(Common carotid artery perfusion
method, CCAP)

20-30g2] A wp9-2ol  ketamine (100 mg/kg)¥
xylazine (2 mg/kg)yd o8& FASt wpHA]7|aL olu] K
XY =F(Pardridee E, 1993; 7495 5, 2000)2] €

N2 BHLE el L85 AT TSk A
7| AAeT 8% E7 % PE-10%(Natsume Co.)S

Abad&ted infusion pumpel]l |AIAE. FEIE S
thermal blanket2 ©]-£8}e] mouse?] #|-2-& 37°CE {7
l9iok. Kreb’s-Henseleit buffer (KHB, 119 mM NaCl, 4.7
mM KCl, 25mM CaCl,, 1.2mM MgSO,, 1.2mM
KH,PO,, 25mM NaHCO, 10mM D-ghicose, 10 gdl
BSA, pH 74)ll [PHJtaurine (4 uCi/ml)3} [“Clsucrose (1
uCirnhs 2 sty 2mlmin® 2 infusiond}31 o
Infusion $ A &3] 10, 15, 3027} =S W A &7
gk X2 FHEelal, dAssl FAE FAHsEE o
2] homogenateE F2]-&-34]<¢] Soluene3502.2 £-s]A]71
s [3]_[] l 14C]9,] H]—}\]-E]-/H-c‘— e 1 =

= =
CCAPH S |4 Fol V3t PSE 731 42 ohd

e
Vo (ulig)= brain(dpm)/brain(g)
O NS perfusate(dpm)/perfusate volume (ul)
V(ul
PS (uliminigy= p(HV8)

perfusion rate (min)

HOHE=0{H (Single intravenous mjectlon technique)
°FZ-2] pharmacokinetic profile & 3}7] 8| o
o] B¥ =F s 5, 200003 wRBTA R
ketamine (100 mg/kg)s} xylazine (2 mg/kg)®] EFHE -
% Fapstel wpHA] 2530g9) S wHp2s EAF
wel] PE-10%(Natsume Co)S Ard it [PH]Taurine
(4 puCi/mh®  [MClsucrose (1 uCyml)E Ringer’s-HEPES
buffer (RHB, 10mM HEPES, 14 mM NaCl, 4mM KCl,
2.8mM CaCl,, 0.1% RSA, pH 74)01] z} iﬁ]}%]—oq 72

AE Fate] A o sowE FedHt 2 F &
7AW 025, 1, 2, 5, 15, 30, 605 50w & oﬁ"%
N F shiet. AF st NS AL 8] Pzl Ak
CH] 2 M1 A & & eet. oFd 64 1*17&
T, FA Esle] o, 7 AA, AR -41 23]
TAIAZ] F dABE Hote] A F 2 =22 8

AL ERS

Pharmacokinetic parameter &4
Pharmacokinetic parameters= ZF A 8.2] radioactivitys
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UCLA Health Science Computing Facilitiesel] A1 7] =2-3F
derivative-free nonlinear regression analysis (PARBMDP,
Biomedical Compute P Series)& ©|£38}o4 biexponential

equationel] Z-8-3}e] A Aksld o},

kot
+A,e

A(=A(D=4,e "

A7l AE A 5 4F B35 %ID/mle]™ ID
= FolEFolrt,

Datat weight=1/(concentration)>E ©|-&-3lR ol A
F] 60% F [PHltaurine®] 2] FEE3 (¥, gl F
o F 6oxaNg el HEEEE ¥ AL v 3
S 722 AZH] % 9F Fo HEFEE gL
2 breld Qo grelsh A4l 84 2 FPojds
(CL), steady-state -F-8-2(Vd,), E4F FE-A1ZF 4
3} A (area under the plasma concentration-time curve,
AUC)=} H# FA)ZHmean residence time, MRT)2
Gibaldie} Perrier?] & 2l¢l whel 4, 4,, &, KL=ETF F+
5441 eHM. Gibaldi 5 1982).

Zr B2 HFI3 Z-FAF(permeability-surface area
product, PS)= vh&3 o] AAME ¢ vh(Pardridge 5,
1995).

[Vp-VolCp(T)
_[; Cp(n)dt
Cp(D=54718] A5 =
v, =23 B A7) 2EeH

Q

vy =dolre] Bae) FE 4

PS=pPS=

A Fol A A7 Foll B FEH FEF
%ID/g=. fepfj o) 2™ THgrat Zhe] pse} AUCi vehd

oy},
%ID/g(t)=PS X AUC(t)
AUC(t)=ﬂ) Cp(t)dt
HOlE 24
22 deltie 4 AF 5 A FF 2EL
(mean+SEM)E FAlstgdvh F 28709 #9¢
L=

Student’s t-test® A Ak} I p<0.05% FAHL
= A s A

= SAMP89| A [*Hltaurine

*—e SAMPS
C—0 normal mice

% ID/ml

T T T T T T T T T T

0 10 20 30 40 50 60

Minute
Fig. 1. Plasma clearance profile for PHJtaurine in SAMPS
(closed) and normal mice (open) after intravenous injection of
mnjectate for up to 60 min. Data values are meant=S.E.M (n=3).

S AR oB Fog F 60%z+9] HEA F clearance
(%ID/ml)E Fig. 1o velfisie. g3 & [3H]taurine-°4]
2ALEE F R A foHe 1}017} =

At =3 AAFYFH9} SAMPS A PARBMDP
program< ©|8-8}o] Z|Al%l pharmacokinetic parameters-
£ Table Iel w}dstedic). 6027FA18] [PHltaurined] 4+
F ¥ FA5 dHAUC)E 7 Z2F7kl frAkslg
aAl 15&7&71}— SAMP8o| A F Bt 2.5v) E <
el vl F 2F] PHlaurines 749 g8 Feodt
¥ 607‘:_'—‘”1]*4#] ¥ FHFHU%IDH ¥ FH TfAe

Table I Pharmacokinetic parameters of [*H]taurine in SAMP§
and normal mouse

parameter normal SAMPS
A, (%ID/ml) 20005 17.0£3.3
A, (%ID/ml) 1.33£0.29 0.92£0.12
k; (min™) 122+£0.15 0.97 =040
k, (min~") 0.017 £0.002 0.0094 £ 0.0050
t1,, (min)

Distribution 0.59=0.06 0.86=0.35

Elimination 405=+37 102 == 54
AUC,_ o ToID*min/ml) 65.5+£9.7 61.5+4.7
AUC, (%ID*min/ml) 91.5+102 146 £ 59
vd,, (ml/kg) 1930 + 320 2960 = 769
CL, (ml/min/kg) 39.8£3.5 283=96
MRT (min) 479+40 129 £ 71

Pharmacokinelic parameiers were estimated from plasma profile
data up to 60 min in mice. Data values are mean+S.E.M (n=3).

1)5: half time , Vd, : volume of distribution at the steady-state.

CL;: plasma clearance , MRT: mean residence time.
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Table 1L. Comparison of brain uptake of PH]taurine in SAMPS
and normal mouse by intravenous injection technique

Brian uptake normal SAM P8
PS (u/min/g) 8.66:£2.70 8.29+394
%ID/g 0.52+0.09 0.49+0.20

Brain uptake of [FH]taurinc in SAMPS and normal mice at 60
min after intravenous injcction. Data values are meantS.E.M
(n=3).

Table 11). Comparison of organ uptake of PH]taurine in SAMPS
and normal mouse by intravenous injection technique

organ organ uptake (%ID/g)
normal SAMPS&
lung 586+ 1.57 4.65% 0.31
heart 2274048 2.26+0.14
kidney 11.7+ 2.7 12.8+£04
liver 11.5% 1.0 14738

Organ uptake of [*H]taurine in SAMP§ and normal mice at 60
min after intravenous injection. Data values are meantS.E.M
(n=3). *P=<0.05 significantly different from respective control.

(blood-brain barrier permeability surface area, PS):= Table
el vepf ok, 7 ZFAA sl o ke fal
shed fs]% Aol HolA dhsiet TG F LFA

1 nolmal mouse
EZZZ4 samps

40

30 o

PS {ul/min/g)

W

20 -

*

a 2

10 sec 15 sec 30 sec
Fig. 2. Comparison of blood-brain barrier permeability-surfac
area product (PS) of PH]taurine in SAMPS and normal mic
corrected with plasma volume marker, [*Clsucrose afte
common carotid artery perfusion at 2 ml/min for 10, 15 and 3
seconds. Data values arc meantS.EM. (n=3). *P<0.05 signifi
cantly different from respective control.
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PHltaurine®] 2222 B#8-2- Table llel vehi gl
o, F 289 glelM [PHtaurine?] #7290 REoEl.
el gt 2kl E HolA] skt

4472l SAMP8e] CCAPY-2 = [*Hltaurined 10
Z,15%, 30 3¢ Ae9E F9 2 m/ming] £E=
J?}%-‘}ai—;— o gL xe —‘?—EE—%7‘4(VD iy Table TV
et F 2FAM 2F R ARl M
of wz} [ ]taun11e£] ¥ RFLAT 2 AL o
4 9lel T A o) v Elg S @ SAMPSol|A ¥ E

1—_%7“6:] o &}A ZFasledc) ¥Fal ZGAks A AN
A A% 10%, 153, 30%0M Z+zF 279+ 1.9,
442 + 37, 307 £ 12umwivg? g dEligx

SAMPSAl A= 10&, 15%, 30Z&o0AM Z7 5791032,
11.1 £ 0.6, 23.74+0.8 Wmin/ge “Febll &I =kFig. 2).

SAMPSel [*H]taurines} 50 mM unlabeled taurine S &
A ASHYE 2 mlming £=2 1527 39S 1),
8] E-FZ 8- [PHltaurine FEH2 2 —FCQ shole w i
o oF 60% Fadhe Ae & 5 AN Fig 3). =3
o] glelA] BBBE2| taurine 94°] unlabeled taurines]]
oA BolH oz S & 5 9l Aol

x #

—

B o= A} u]._r./a(lCR)_Q_]_ k3}Ex Tl EE9
sene-scence-accelerated mouse (SAM)Oﬂ A taurine®| -
¥ FE FHAAL vlmete] =gkl 284 taurine —’F—’é“*

o] oA WPl folR A} 5]'9311:]‘ s I
AW o2 [PHtaurined AW FoIgt F 6087+ & %— 5
w2 B2 A AAF AF 2 SAMPS] slelA]

2]&el zfelF BolA] ¢t 602l [*Hitaurine®] |
EReE T 28 A A2 A oRFig. 1, Table I
Table IT). =3l Ao Fe i"’r“- 0% A [PHltaurine®] &

2 BEE 5 2FAM F2e zbe]F Heo| A skt
(Table IIN). A HFofw]-2 Fof Ezlo] A4l 3 7
A A whEEhe, ¥ R 894 F 5 A
& WA (AUCyE ALwsle] AstHolA 2z + |
oAl At wide] f2l’t Ape]E HERAA] %l

T Sl EZ Fogk zlelE
2 Atasd aEEte] B dyoM= "éxﬂ H]taurine2]
ol 7] f13A CCAPHS'% O]%ﬁ]"’%
ARt CCAPHE-=- AF]e] Yrdria wWESHEE
£ mfusionsle] EAle] Yo ok ubAL} FHA
AZEE NS WA HE ojdllE 28 k&
275} WY o] Cl(Takasato 5, 1984). 10, 152, 30%
7} [*Hltaurine=- infusion¥t A3} A4 Al #| e} ¥ iL5}93-2
W SAMP8e|| A T3} ket o

“F

net permeability =

ruﬁn

=
o

N

M

PH]taurine®|
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Table IV. Comparison of brain volume of distribution (¥, brain) of [*H]taurine in SAM P8 and normal mouse

VD brain (ul/g)
Time (sec) Normal mouse SAMPS
[*H]taurine ["C]sucrose corrected V, [PHltaurine [**CJsucrose corrected ¥,
10 12008 7.33 =029 4.55x0.77 3.28+0.18% 1.83+0.11% 1.45 4 0.20*
15 18516 7.45+2.15 11.2+=1.2 4,78 £ 0.04%* 2.01+0.12% 2.78£0.16*
30 23422 8.05+x1.28 154+24 9.62 = 0.50* 3.69+0.31% 5.93+0.57*

The brain volume of distribution (Vp ) OF [PH]taurine in SAMPS and normal mice with plasma volume marker, [“CJsucrose afier
common carotid artery perfusion at 2 ml/min for 10, 15 and 30 seconds. The corrected?, ., is the brain volume of distribution (7
v Of PH]taurine corrected with plasma volume marker, [*Clsucrose. Data values are meantS.E.M. (n=3). *P<0.05 significanily

different from respective control.

Z4A ) FARUA Fishe AE

2, Table IV). 23] AAAF A= o FAFe7) 15
2ol HAAE eI 302 3H23l=E SAMPS
M= 30271%] AL 276 AL velle] & 1%
oA Azbe] WE ¥ E5Ewe] o] el gl
=R SAMPSe| glol M X HAF A el vlzlrz] =
BBB A9 taurine?] Eol glojA= A7} g &FHo|
TE A vEiE 2E54E AR #8329
= AL & ddekFig 3). &, taurine =3} Abelo]
A =22 ‘r'—c‘rE] o] Zka= ARt BBB"ﬂ FAE= taurine
FEA ) g delA 4L oz FAHT 98
o 9l

o2 Ag B

7]

olals 23 ##(aged rat)] <l

[ [®Hitaurine
727 *Hitaurine + 50 mM uniabeled taurine
" T
2
=
= 2 1
o
£
o
=
=}
3]
k] *
[l
[
5 1
o
1 -
0 T

Fig. 3. Inhibition of brain uptake of [*H]taurine corrected with
plasma volume marker, [*CJsucrose after common carotid
artery perfusion with 50 mM unlabeled taurine at a rate of 2 ml/
min for 15 second in SAMPS. Data values are mean=S.EM.
(n=3). ¥*P<0.05 significantly different from respective control.

A taurine®] FEX Al EF(adult rat)el]l B)e] ZAE
ZAE el 2 chBenedetti 5, 1991; Dawson %, 1990).
o] ZA x3lo| ]3] taurine®] HW FE7} A 4
Qdog oy ARE A4 E 5 3 9A taurine
F2 ZhlA cysteine 2 HE] A Hed old
cysteine sulfinic acid decarboxylase (CSD)7} i3l =
sy} AP eE CcsDe FAe] Aoz g
(Huxtable 5, 1989). =3o]l 23]M taurine®] 41722 9]
Dol Ak B E} e et ) 97
(Dawson %, 1996) o] B T M= FUd3 AIAE
A9 vkFig. 1, Table T, Tdble m. & A% Ax=
SAMPSo| 48] tauwrine®] BBB T3 Ar)l Lasle A
S & $ gldoh T EE x3bd A taurine]
Aol A B ohel BBB TR sl
SAMPR| A = taurine®] ¥ ==7} 7&5151 AOFE o
ZR3, §H Al vlEA Fof F 60ENA e
FHee] zpe]7) vieldA] el A BBBO]/H taurine®]
ESE e 27| Aol FiledA ¥ Fax
2] Aol 55 AAT 5 vk 1HER o] I3} F
o A8 A7) el Ee]of glel] 2]t tawine®]
el Wgh S A gotdd 9l AL A7t
=

aAtel e

A7 20029 % B AstE] AshEs FopA o}
(T)C’l e A7-3] d7H] Aol s e glon
olell A= o},
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