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Characterization of the Brain Transport and Brain-to-Blood Efflux
of Nitrone Based Antioxidant, PBN

Na-Young Lee and Young-Sook Kang®
College of Pharmacy, Sookmyung Women’s University, Seoul 140-742, Korea

Abstract — We have investigated the transport characteristics of synthetic antioxidant and free radical scavenger, o-phe-
nyl-n-fert-butyl nitrone (PBN) at the blood-brain barrier (BBB) by in vitro uptake study in conditionally immortalized rat
brain capillary endothelial cell line (TR-BBB). Also, the efflux of PBN from brain to blood is estimated using the brain efflux
index (BEI) method. Choline is a charged organic cation, including nitrogen-methyl group and shows the carrier-mediated
distribution to the brain. [*H]Choline uptake by TR-BBB cells was significantly inhibited by PBN with ICs, of 1.2 mM, which
appears to be due to similar structures between choline and PBN. And, PBN was microinjected into Par2 of the rat brain
by BEI method, and was eliminated from the brain with an apparent elimination half-life of about 2 min. Also, *Hlcholine
efflux was significantly inhibited by PBN using BEI method. In conclusion, the efflux transport of PBN takes place across
the BBB and PBN may be transported into the brain and eliminated from the brain by BBB choline transporter.
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T' : CH,
CH= g—’—cﬁg 0H~CHz—CH2—rI\1+—CH3
CH, CH,
PBN Choline

Fig. 1 —Structure of materials.

NitroneAl &4F3HA|2 <& Z @ -phenyl-n-fert-butyl nitrone
(PBN, Fig. 1) free radical¥} A§3te] Aty o = qbgst ¥
AFE-S 3ASH= radical scavenger® 2t A2 PBNS
HEALS 9o 8Z o] 7)Aol S AT ZAEALL Tha

A1z 2 2 Yipepolysaccharide(LPS)I &3 S &8 ATA ¥4
kel 37 T o)A nitric oxideNOYE- F-24J30A1 AT Al

R

2 2o Bt 2ol Al
(A3} 02-710-9562 (B2) 02-715-9498
(E-mail) yskang@sookmyung.ac.kr

224

\:!1 :;]7-1 01—2

Zezads dehigiek? =3 PBNS o3
slolu T3 32 EBA WAl tisle] e ket &
A& Yehita B aEo] Qo

g} Zol ofg] 71A] HAge) disl x587F Y= PBN
& o8] t+E spin trapping F=oll BlE] FOjH o & HF
SFEEEE YeElddy Y35 =1, nitrone A2 2] spin
trapping ©F2<! POBN(a-4-pyridyl-n-oxiden-fert-butyl nitrone)
FJ; PBNS 712 §ojsl9le o, PBNS POBNe] Hs) &2

[e]

T2 Yy 2AHE Ae o4 5 U}y EE??J' cerebral
endotheilal cell°ﬂ/\1 uptake Y-S A ]3} < o PBN2
nicotineH U F& ¥ F3 AFE Ve SieR” Oy, 2 Q4

T-ell A ojn] X313} =FofA] PBNO] Xéﬁ—roi F 2X7HA
2 o oS vehfe 2 & 5 AU
o]g} Zo] PBN2 HE 7k o] H= Zlo] &#ix A, 1
% B4l disiMe olA7H R uirt ¢lok. Choline(Fig.
1) AjsEuke] pAXRo| 7 ARADEZQ acetylcholine?] &
TEAZN {7902 (organic cationyy oFEo|rt. HoH- T
F(blood-brain barrier, BBBYl= &2 31318& 71xHA Na*

T 3E



Nitrone A

Pt (PBN) 2 o] geloie) wiEs) )

5 5 225

B} 224191 choline S5 (choline transporter)’} EAsh= 2

o] daslo] grkY oje]gt BBBY choline 44 A1E S8
cholredt 73 FAFo]l = o}glAd k22 eperisone, scopol-
amin:, thiamine, isoproterencl 0] HZ 5= Zlo] B 11
%% 1}1% PBN 24] nitrogen-methyl groupS 7FA L 9l o

2% choline?} FARE 28 71X)11 317] wjZell PBN°| BBB

9] loline F5AIE £ WE 239 7FsAS o8 2 5=
e,

5o B AT JE3 A3}, PBNS Z7]f vf--
ooy FEE JeRggloL) ekE R & ?/\]7}01]*1“"‘

Fel o 80 o) YIS S 2 £ UL ol 4o o
He RS PBNol Bl Wz $xe 5
5:

"

PBN?| = #37} 2H4s
the ol o i 7FsAdE ArFshe 74—5 AbE
u}, 24 ol microdialysis study® AH6S whollw o]
o A Y3 Alzlo] A% PBNS) ] EXgo] 7Ha
gri= Ao] HuEdntS Hol| Kakee Sl 2J3A brain effux
indey (BEIYHO] 7NElon 19 BEMEE AMgslo] S4HEA 9
-2 & wiEshe 7] 50l 5244l (organic anion trans-
porter) ¥ y-aminobutyric acid(GABAYE H| 53}k oig] opn|iAt
o] 1% %A valproic acid®} 72 <kE9] wiE £EAT)
BBB> EA13k= o) w1 oY

ohp] 2 AFelM= PBNY ¥ 4% 5444 choline 557
9} {-#3lo] in vitro BBB 2201 iﬁ’“ Absl 2H ¥ 24
¥il | X3 (conditionally immortalized rat brain capillary
encothelial cell line, TR-BBB)'?& F3}] Yolr 114} at5ict.
£t BEIHE ARESlo] PBNO| HofjA] o 2 o) ul&g in
vives 1M HESFA} 8lglet. o] o) el ool PBNS -
higa performance liquid chromatography(HPLC)1 2% kst
o {IESIF.

Yy

HHER

-18%E 2+ Sprague-Dawley(SD)Vl +7 FHE HElZF)
o1 Frelste] AFUT FEHAM A5t 853 oF 250~
30 10 MHAE ARSI FEHPAH 2t 22~25°C, HE

17 20~60%, TR 124708 AREZR o] HER st
A 2f
¢-Phenyl-n-fert-butyl  nitrone(PBN)-> Aldrich Chemical

Cocllai -3]8Fo] AL8-313itk. [methyl-*H]Choline chloride
(’H choline, 86.0 Ci/mmol)®} [carboxy-"*Clinulin ([**Clinulin,
1.92 mCi/g)>- NEN Life Science((+73AHT)olA FUs15ith.
ub] Al ARgEE DAt ketamine® FRAYH ) AFES, Tl

Vol. 47, Ne. 4, 2003
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TR-BBB A3 temperature-sensitive SV40 large T-
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29 wPo 2 £21319it}, TR-BBB MEi= 33°C, 95% O,
5% CO, F313F%4 20mM NaHCO,; 2mM L-glutamine,
15 ng/ml endothelial cell growth factor, 100 U/m! benzyl peni-
cillin, 100 mg/m! streptomycin sulfate, 10% fetal bovine ser-
umE XE8SH= dulbecco's modified eagle's medium(DMEM)®]
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TR-BBB MEF0M [*H]choline uptake study

24-Well plate(Becton Dickinson, Bedford, MA, U.S.A.)®l
TR-BBB AIZE 1.0x10° cells/well?] WEZ Zo}x] 33°ColA]
48X17¢ vjoksisitt. PH]Cholined] uptake® T-3R= A@HP]
oln] ®u¥ =F2g F1slich. WA TR-BBB A%E 37°C
oA ECF buffer(122mM NaCl, 25mM NaHCO;, 10 mM
D-glucose, 3mM KCl, 1.4mM CaCl,, 1.2mM MgSO,, 0.4
mM K,HPO,, 10mM HEPES, pH 7.4)& 39 A& 3}3ich,
1uCiel PHicholine? 0.2 uCie] [*Clinulin®] choline? PBN&
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Brain Efflux Index(BEI) Study'®
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I PEG 2007} ECF buffer® & E&35lo] AA7F 1m} Hi
B zABFEE], o) u) AR DMSO: R A2k 1%7F H%
£ 3glc}. A injectate F 0.5 i needle(100 um id., 350

um o.d., Natume Co.)& €23 5 microsyringe(Hamilton
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AZe 5mM PBN ¥+ 10 mM choline Megh § 5% Z2%
9] PHlcholine®] AEW uptake:= control#} H3d}3& o) F
OF EFM FFo R adhs AE € F UMK Fig. 2).
3 TR-BBB M ¥4 [*H]choline uptake®] th&t choline®
PBN9] ICs& 242t 9.4 uM=} 1.2 mMel${thFig. 3). 0189 &
F-ol 4 brain uptake index(BUDHCE 233582 o) choline
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Fig. 2 ~ Inhibitory effect of several compounds on [*H]choline uptake
in TR-BBB cells. The [*H]choline uptake was measured at
37°C for 5min in TR-BBB cells. The uptake was per-
formed in the absence (control) and presence of each com-
pound. Each data point represents the mean+S.EM. (n =
3~4). *p<0.0001, significantly different from control.
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Fig. 2 — Dose-response relationship for the inhibition of [*H]choline
uptake by unlabeled choline and PBN. Uptake of [*H]choline
(11.63 nM) was measured in TR-BBB cells with a 5 min
incubation in the presence of increasing concentrations of
choline and PBN. Results are given as percent of control
uptake measured in the absence of inhibitors. C, unlabeled
choline; @, PBN.

A3 WM ET(rat brain capillary endothelial cell line)Q!
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Fig. 4 - HPLC chromatograms of PBN. Injectate (A), brain extract
obtained at 2 min after microinjection by BEI method
(B) of PBN. The peak of PBN was found at about
4.3 min.
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& AAEke] 2 PBNS thE A< chromatogram Fig. 4]
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Table I - Effect of several compounds on [*Hicholine efflux from the rat brain

Concentration in the Concentration in the
Compound injectate (mM) brain (mM) 100 - BEI(%) % of control
Control 0 0 62.5+5.3 100
+ Choline 50 1.7 84.7+1.1 136%*
+ PBN 10 0.33 82.9+1.1 133*
+ Betaine 100 3.3 66.8+2.1 107

(*H]Choline (80 nCi) and [“Clinulin (4 nCi) dissolved in 0.5 W ECF buffer were injected into Par2 region of the brain in the presence
of several compounds.

The brain 1%())ncentration was estimated from the injectate concentration divided by the dilution factor, i.e., 30.3, which was rep orted
previously.

Data, determined at 40 min after intracerebral microinjection, are mean +S.E.M. (n = 3).

*p<0.05, **p<0.01, significantly different from control.
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