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The Simple in Vivo Evaluation Method for Blood-Brain
Barrier Permeability of Drugs in Mice

Young-Sook Kang' and You-Jung Kim

College of Pharmacy, Sookmyung Women's University, Seoul 140-742, Korea
(Received February 18, 2000)

ABSTRACT-This study compared the permeability of [*H]taurine, [3H]pheny1alanine, and [3H]0xytocin through the blood-
brain barrier (BBB) in mice and rats with common carotid artery perfusion (CCAP) method that modified internal carotid
artery perfusion (ICAP) method. External carotid artery (ECA) was cannulated with coagulating pterygopalatine artery
(PPA) in ICAP method, while CCA was cannulated without coagulating PPA in CCAP method. Also, for evaluation of BBB
permeability of drugs in mice and rats, we used intravenous injection technique. The results of CCAP method in mice at
a perfusion flow-rate of 2 ml/min, the brian volume of distribution (Vp) of [14C]sucrose, [*H]taurine, [3H]pheny1alanine, and
[3H]0xytocin were similar to the result of ICAP method in rats at perfusion flow rate of 4 ml/min. The area under the plasma
concentration-time curve and brain uptake of [°H]taurine by intravenous injection technique, were 65.5 = 9.7%ID*min/ml
and 0.515+0.093%ID/g, respectively, in mice, and the cotresponding values were 8.007F0.03%ID*min/ml and 0.052%
0.003%ID/g in rats. But the BBB permeability surface-area product of [*H]taurine was similar between mice and rats. In
conclusion, the CCAP method in mice was simple, fast and comparable to ICAP method in rats for drug permeability

through the BBB.

Keywords—ICAP method, CCAP method, Blood-brain barrier permeability, [’H]taurine, [*Hlphenylalanine, [*H]

oxytocin.
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HEEY

A=

[PH]Taurine (specific acitivity; 24.1 Ci/mmol), [*H]phe-
nylalanine (92.0 Ci/mmol), [*HJoxytocin (44.5 Ci/mmol),
[“Clsucrose (44.5 Ci/mmol)s= DuPont NENA|E (F7AA}
AMErYe THE AT

Alek % 7171

AT Are MY AFE, sodium heparin Elkins-
Sinn, Inc.&, WA Z A8 F4F ketamine 3143 Al
FE, 219AIQl xylazine2 Loyd A34 AE F2=,
e 4 7Y AREETE 23 8381120 soluene
3505} WAREAIEA o) AME-E hionic-fluors: Packard#| &
AT, A2)E ARSI, 71 AR dF o] A
FE YAolgtst Felr Tyt ARttt Aol A
&3 7171 ALY @Y #3529 (), Union 55R,
Micro 17TR), infusion/withdrawl pump (KD Scientific,
model 210), thermal blanket (temperature control unit,
Letica, HB10 1/2), B-radioscintilating counter (Beckman,
LS6500), bipolar coagulator (Union Medical Co., Surgitor
UM 880-A), hot plate/stirrer (Corning, PC320), ©57]
(N=7171), pH meter (Mettler, delta 340), balance (Sar-
torius, AC2115), & 717 Sl

dHSE

ICR (Institute of Cancer Research)Z] 24 A8Z<¢} SD
(Sprague-Dawley)dl &4 JAFHE AL AR A5 23l
A Zzy Fhk Al iy AlES BS ARl FF3)
ax 12 F 7 FE A & o FEANIA FHe
AZl F 2F 30 g9] ABFH9} 200-300 28] BHE Aol A&
SAth BE AP4A SEE 2225°C, £EE 50-60%, 21
A7 1247 (07:00-19:00)2-2 F-A]81th.

In vivo intravenous injection techmique and Phar-
macokinetics

oFE9] pharmacokinetic profileS Z83}7] $I3l4, oln
HuE =7 W93 v A2 ketamine (100 mg/kg)2
xylazine (2 mg/kg)e] EFNOZ ZEuHAI F wiHA7)
25-30 g9 34 AFY FATH FoFA# (PE-10,
Natsume Co., AE=A)E Y39}, PH]Taurine (3 pCi/
AF)F [MClsucrose (1 uCi# )2 Ringer's-Hepes $4-591
(RHB, pH 740 & &%t &, AAHE 53l <A (1
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Zolzhel <k so0wE Tt 1 F FATHUEY
B AAFoR 025 1, 2, 5, 15, 30 2 60%el 50
Yo 3 & Fsodium heparin (100 unit/mi)o] T2 A
A SoE AYE BEAT AHT s dAE
gl ol AT o] AR S 7SI
AJER 249N (bionic-fluoryE 7FE ¥, "H/MC double-
isotope liquid scintillation counting®ell 213l &3t}
ol R ZF F, FA] ©FSIA H, 74 A%, 47 3
HE A&sl] A F dRFE Fsld A7 05,
Z} zZ o] WAlEAS 274319 2™ pharmacokinetic para-
meterse Gibaldi®} Perriere] g 2lol] we} 7319th) Phar-
macokinetic parametere plasma radioactivity data® UCLA
Health Science Computing Facilities?ll ] 7}&%t derivative-
free nonlinear regression analysis (PARBMDP, Biomedical
Compute P Series)E ©]&3}4] biexponential equation®l] %]
g3l AR

A= Ale‘kl' +1‘5s26_k2t

a7)oA A@yE plasma radioactivity®] %ID/mie]™ ID
= Fo#golrth.

Datat= 1/(concentrationy’S ©]-&3t512m™ oI7|olA con-
centrations %ID/mlg- 2]},

Plasma clearance (CL), steady-state>]A]2] apparent volu-
me of distribution (Vd), BFF FEAZE 418184 (area
under the plasma concentration-time curve, AUC)Z B+
A FA)ZF (mean residence time, MRT) A;, Ay, ki, kb=
HE ek

D
L=—
C AUC
A, A
AUC = =L 4222
ki k;
(A/K2+A,/k3)
MRT = 21217 F27%2)
AUC
vd. = DA/ +A/kD)
AUC?

o714 De F9% (dose)o|t.

Braindll 1o} Z+ 29| BBB permeability-surface area
product (PS)= ™& #7104 organ clearance rate, K|
(Wimin/gyet L wloly thgx} 7o) A=A

_ [Vp = VoICp(T)

PS = K,
J*O Cp(t)dt
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Cp(M) = T4 45 5=
Vo= BFHEH FAAQ [“Clsucrose®] 471EE-83
Vp =¥ E= 7} A71eiMe] 2o £2 84

AW T A AR Tl ¥ EE U2 AVE FEC]
$29 % %D/ge® VERoIX® thgst 7ol BBB
permeability-surface area (PS) product®} plasma AUCZE
WERf o] 21T} 1O

%ID 4y - ps L K X AUC()

AUC(t) = j‘OCp(t)dt

—kyt Kyt
=A1(1"e )+A2(1—e )
kl k2

A71M Ke EXE dEo] Ao zRE RZFoZ
unidirectional influx7} Yo't thg, FX o2 RE Aoz
8] efflux’t Aot A=E VeEPE ZS=E organ uptake=
injectionFol] Fo171 AJZHIA 9] %ID/gZ VFERY O} ZILE 10

Internal carotid artery perfusion method (ICAP)

wFHAIZL 200-300 g0 3B FY BH-91E FlEtA o
H B gk =Fe] WHUR? YRS Belsl W71 As
Atk LEE A FW PE-10¥2 41U+ infusion
pumpll FABIHT. &3 U= thermal blanketS:
olgald o AL 37°CE XAt Kreb's-Hen-
seleit bufferl [*Hlphenylalanine (3 uCi/ml)@ [*CJsucrose
(1 pCiimhE 2 T34 4 m/min®.2. infusion®s}+ FA|o
FATHSE TEAR AFT. Infusion T FE3| 152
7t HAE o A RS HE HEsta, #dslsle F
AE 338 FY homogenates 7H-SHAIR 2327
F PH] 2 [“Cle) BAg S 248

Common carotid artery perfusion method (CCAP)

ojn] HiE =& WYDE Fazste] wEHAIR] 2530
9] 37 AFeF 200-300 g9 ¥4 HF o] ERAE st
o QEX TS Relsle] Wr1AEsa, 7E e 8
T A71AEEA 3 adE gt Q 8E FATY
< Eesle] AFdle PE-103E, FFde PE-S0TE AY
oy infusion pump® A3} Kreb's-Henseleit buffer
o [PPHitaurine?} [“*ClsucroseZ 2z Eale] ICAPH A
AR TREEY TE ATl HlFs AFNA = 2

g
o to

g
!

=] HrIE 93 7HRES in vive W 101

m/min®. 2, FFNME 20m/mine E  infusiond}F 3 T}
Infusiond & A &3] 10, 15, 3027} HAL o A BF
3lo] W2 F&sla, #Fssl FAE AT, PH
taurinet4! [PHlphenylalanine % [*Hloxytocin®= 72 ®'j
o2 A¥sty infusiond F 15%2A DT, H
homogenate2 &3IAIZI 3 PH] 2 (“Clo) WA E4d e &
st

ICAPR3} CCAPH S |83 T Vp PSE 73k 4
& g3 2o

Vp(ul/g) = brain(dpm)/brain(g)
° perfusate(dpm)/perfusate volume(ul)
PS(ul/min/g) = Vo(ul/g)

perfusion rate (min)

Y

In vive intravenous injection technique and Phar-
macokinetics

[PH]Taurine¥ plasma volume markerdl [“C]sucroseZ
g9} AF | AW FAT T 60% T T =Y
Aol A Jehls 845 FEo T8 Fog EF of
3lod %ID/mI= FAIH] Figure 19 UYeRAT) o] A}z
2B [PHltaurine®? [*“Clsucrose= E.F biexponential equa-
tion®] et plasma compartmentZ2FE WREA A O

—#— mouse [*H] taurine
—&— mouse ["“C] sucrose
—O— rat [*H] taurine

10 —O— rat["*C] sucrose

% ID/ml

.01 — T T T T
0 10 20 30 40 50 60
Minute

Figure 1-Comparison of plasma clearance profile for [3H]taun'ne
and [**Clsucrose in mice and rats. The percentage of injective dose
(ID) per milliliter of plasma-time profile of [*H]taurine and ['*C] su-
crose in mice and rats, after intravenous injection of the injectate for

up to 60 min. Data values are mean=+ S.E.M.(n=3).
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o, AMESE 529 Fxlo) wieh 2 Adigke] Aele ot
[Hltaurines} [“Clsucrose’} AR o2 FAZNA &
AT YL ¢ 5 Utk BAY BFHANN [Hltaurine?]
g4 #E (BBB) LF T A PS k2 77 749
87 w/mim/gE Al {FAEIH, EZFET FAEHA
(AUC)] AF oA oF 8.2u) E7ke vehliit). welkd PS
3 AUCY] Fol| o8 A=A = [PHltaurine®] =%}
= (%ID/g)e AFNA °F 9087t & AoE F9] xjolE
UeRAAtk(Table D). BF NS taurine®] sl chal
A& [Hitaurine®] 83% A4 clearance (CL)7} 39.8+3.5
ml/minkg®. A48F EXAQ [“Clsucroseth oF 33417
% WEW, elimination half-lifes 405+37%0]% o
steady-stateo) 419 B-X8H (Vd ) 1930£320 mkg 2
[*Clsucrose.t} 8.14] o] © A YeEpPdtH(Table I0).

Internal carotid artery perfusion method (ICAPY|
olgt Y - x| ZE(BBB) T

¥ #E (BBB) F34 £ 434X [Hlphenylalanines}
[“ClsucroseE 15% &< BF] brainol 4 mi/min®] &%
Z perfusion3] S ™9 brain distribution volume (Vp)<
g3t 2ol 16501% HEAIH EAske FA
AR large neutral amino acid (LNAA) systemol] ]3|
T4 5= phenylalanine®] 158133 u/ge 2 71 &
HERJATL o] A& PSHe 2 AR 608+ 129 ul/mim/ge-
2 ojn] ¥ydE =% 3t fAR AFE VERiITH? =
& taurine®] JIME ThE E=EOIAM Rg PSEHY (¢F
70-120 W/mim/g)3} FAFEE 66+ 8 umim/gS YeERHI T
sucrose®} oxytocin®] BBBFI& Ao Jehix gglitt
(Table III).

Common carotid artery perfusion method (CCAP)

PH]Taurine?} [“Clsucrose® 102, 15%, 30% < A
# 9] brain®l CCAP HLE 2ml/min®] £E2 perfusiond)
< "] brain distribution volume (Vp)y& 331Kt [°H]
Taurine# [*“CJsucroseE CCAP method® £33 AL,

778

perfusion time®] %71l wel [“Clsucrose®] brain up-
takets 3715 ¥ A9l YA}, PHltaurine AA4-&
ey 713518 thFigure 2). )AL taurine®] AJ7H)EH
02 EFFEAE B39 HE FHEIL &S HAFAL
Atk [“ClSucrose®] HEH B EHog BAS [Hitau-
rine®] permeability surface-area product (PS)EFZ 15Zl4
HUE JERIA 2 o) Fe F43] Hhdhs AFE Bol
£l oA olu] AFHZ =RA B AR WX
31D HF o] Az F9olA Y FO=F taurineo] W
27 effuxEe ASE ALEHTH(Figure 3). BF oA CCAP
HE AMSS Ao AFHNA ICAPH S ARSSE 742 E
= 102, 15%, 302 EFNA A BT taurine®]
E¥2242 JehckFigure 4). 0|22 F7EX] Wl 2}
o7} §l&-S Ve eEXN QFAX CcCAPel THH3HA A
48 F Jde 78S AARIL Arh E3L [Hlpheny-
lalanine? [*Hloxytocin® 15% &< 2ml/min®] £E2 A
Feo] HZ perfusiond g o] Vpe ZHF 130£37, 6.72+
124 mi/ge 2 F o)A ICAP BOE 15% B¢ perfusion
e me] 158+33, 8.15£0.21 ml/g#h A2l FARSEH(Table
). =3y [Hitaurine, [“Clsucrose, [*Hlphenylalanine3}
PHloxytocin® ZHz} 15% <t 339 ¥H=Z 20 ml/min®]
&5 2 perfusiond2 el Vpe AF Y CCAPES 383t
g i} FHe ICAPHS AE3te Wrnt 4zh 1.84,
16ul, 23u, 49v) H= & & rERAATHTable IO,
Figure 5). 2222 3F o] CCAPEE H83h= AL vl
7] 34 FeS ¢ 7 Aok

ol o] - ¥ AE T H/HE f181d AMSH
taurine> ¥, AaAF, &3, 3l TS, Alzheimer's
diseases FFAT] BHS YHAE e 22 B
FEI JomiH FFof k= HAF A wAS] MY
< 9% FH EFREY 7S AL o 3] tau-
rined EAFFO] FA|TE 840 HEAER ERid=
small amino acid system® ©]83l] FFHTI EIHo
slch. Taurine® luminal membrane?} antiluminal membrane

Table I-Comparison of Brain Uptake of [PHJtaurine and ['“CJsucrose in Mice and Rats by Intravenous Injection Technique

brain uptake . PH]taurine . [**Clsucrose
mice rats mice rats
AUCy - 9 (%ID*min/ml) 65.5 £ 9.7 8.00 £ 0.03 290 + 39 273 £ 05
Vp (Wl/g) 1260 £ 230 119 £ 079 182 £ 90 68.0 £ 85
PS (u/min/g) 8.66 = 2.70 7.39 &£ 0.76 0.98 j‘_‘O.Zl 0.33 £+ 0.05
%ID/g 0.52 £ 0.09 0.058 + 0.003 0.27 £ 0.04 0.0091 = 0.0013

Brain uptake of [*H]taurine and [*C]sucrose in mice and rats, after intravenous injection of the injectate for up to 60 min. Data values are mean £

S.EM. (n=3)

J. Kor. Pharm. Sci., Vol. 30, No. 2(2000)
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Table I-Pharmacokinetic Parameters Obtained with Intra-
Venous Injection Technique in Mice

parameter [*H] taurine ["C] sucrose
A(%1D/ml) 200 £ 0.5 258 £ 2.6
Ax(%ID/ml) 1.33 £ 0.29 119+ 1.1
ki(min™) 1.22 £ 0.15 0.79 + 0.14
ky(min'!) 0.017 £ 0.002 0.044 £ 0.005
ty2(min)
Distribution 0.59 + 0.06 092 = 0.14
Elimination 405 £ 3.7 159+ 1.8
AUC, -, (% ID*min/ml) 655 £ 9.7 290 = 39
AUC(%ID*min/ml) 91.5 £ 102 312 £ 49
Vd(ml/kg) 1930 = 320 239 £ 9
CL(ml/min/kg) 39.8 + 3.5 120+ 1.8
MRT(min) 479 £ 4.0 20.5 £ 3.0

Pharmacokinetic parameters were estimated from plasma profile data up
to 60 min in mice. Data values are mean £ SEM. (n=3)

t12 : half time , Vd,, : volume of distribution at the steady-state

CL : plasma clearance , MRT : mean residence time

Table II-Volume of Distribution and Permeability-Surface Area
Product for Each Compound Using ICAP and CCAP Method

mouse CCAP rat ICAP rat CCAP

perfusion rate 2 ml/min 4 ml/min 20 ml/min
sucrose Vo 655+139 611070 103£06
tanrine Vp 185%16 227 £ 26 325 £5.1
PS 441 £ 49 664 =76 88.8 + 18.0

phenylalanine Vp 130 £ 37 158 £ 302 + 28
PS 494 + 142 608 £ 129 1167 £ 110

oxytocin Vp 672 %124 =*8.15*£021 331%55
PS 068 £028 *036 L 004 912 £ 196

Brain were perfused for 15 second at a rate of 2 ml/min by common
carotid artery perfusion in mice, 4 ml/min by internal carotid artery
perfusion in rats and 20 ml/min by common carotid artery perfusion in
rats, respectively, except oxytocin. Data values are mean = S.EM. (n=3)
* : perfusion flow rate; 1 ml/min, perfusion time; 5 min.

Vp ul/g) : volume of brain distribution.

PS (Wfmin/g) : Vo corrected permeability-surface area product for blood-
brain barrier

E5oA carrier-mediated transport systemrS 53l sodium,
chlorideo} £0] 2279 449 VehATHY g AF oA
taurine®] HUAFES] 3 HAEFEIEY Wizt Fo disixe
T3 Fo] AEs|ord Aoz AZpEnt $, phenylalanine
& A4 taurined] BBl 23, BAFo] Fedtit o
ZHE R A3+ large neutral amino acid (LNAA)
carrier system''9& ©]§-3}7] wW2ol H=2o| FFFO| tau-
rinelt}h Ft}, 0|9 A £ ATiME FHHA U
ERt B A7l gdAo] YFHUTE B sucrosew
plasma volume marker® 2 A9 Eo|7}x] &or, uje}
A OE B2 B3 FxE B g e =

Slo oFEo) Pl ey Fabg ke A3t AT in vivo B
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Flgure 2—-Brain distribution volume of [ H] taurine and “cy su-
crose in mice right brain by CCAP method Linear regression of
[ H]taurme and plasma volume marker, [ C]sucrose after common
carotid artery perfusion at a rate of 2 mi/min for 10, 15 and 30 sec-
ond in anesthetized mice. Data values are meant S.E.M.(n=3).

60
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Corrected PS (ul/min/g)

0 — r T T
] 10 20 30
Time (sec)

— -

Figure 3—Corrected PS product in mice right brain by CCAP meth-
od. Data values are mean=*S.E. M (n=3). Blood-brain barrier per-
meability surface area product of [ 3Hltaurine corrected with plasma
volume marker, [ C]sucrose after common carotid artery perfusion
at a rate of 2 ml/min for 10, 15 and 30 seconds in mice.

ALl on, Ealg ne HES 95 HE| s
o AEEFHE JeEE 282 BES] oxytocin® AFE3}
e A49E 3 23 tE pepude"é eI PEPIRIR
2o Byt A YA %5 T ARt P

B =AM 2Ed CCAPHES BUI‘?QJ/} Aol {ASHA
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Figure 4—Bram permeability of taurine in mice and rats. Brain per-
meability of [Hltaurine after common carotid artery perfusion at a
rate of 2 ml/min in mice and internal carotid artery perfusion at a
rate of 4 mi/min in rats for 10, 15 and 30 seconds. Data values are
mean & S.E.M.(n=3).

rat ICAP (n=3)

350
B3 mouse CCAP
[ rat ICAP
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280
2
= 210 -
£
g
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P aoc anh

taurine phenylalanme sucrose oxytocin

Figure 5-Volume of distribution for each compound using ICAP
and CCAP method. Brain were perfused for 15 seconds at a rate of
2 ml/min by common carotid artery perfusion in mice, 4 ml/min by
internal carotid artery perfusion in rats and 20 ml/min by common
carotid artery perfusion in rats, respectively. Data values are mean
ESEM. (n=3).

ATt AFAT|= WO sl AT 2
Z513L prerygopalatine A28EA] golx| ICAPHoN H]ske
e A&t o]|FolX = b yiste wWE AFEE (ICAP
Hel ¢F 52087} SFEHL P iR FEET
3BT #ARAE )171 wl&oll, mixing 37} e}
U3 brain transit time®] 1% FEZE sensitivity’} A 8H=] o]
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dxw Byt 715E Sol FE Ee &F E A
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2 35t

g £

AR oA ekZo] ) HE TS AESR: W
el a7 47, g 22 2S¢ 4tk PHITau-
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