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Comparison of Brain Uptakes for Brain Drug Delivery Vector Synthesized by
Chemical and Genetical Engineering Method
Young-Sook Kang' and Kyung-Hee Seo

College of Pharmacy, Sookmyung Women's University, 140-742 Seoul, Korea
(Received February 27, 1999)

ABSTRACT-Drug delivery to the brain may be achieved by producing chimeric peptide, attaching the drug to protein
“vectors” which are transported into the brain from the blood by a receptor-mediated transcytosis through the blood-brain
barrier (BBB). Since the BBB expresses high concentrations of transferrin receptor, and it was reported that anti-transferrin
receptor mouse monoclonal antibody (OX26) undergoes transcytosis through the BBB, it is logical to assume that a drug
delivery system via transferrin receptor-mediated transcytosis is a promising strategy. In the present study, therefore, we
tested feasibility of several OX26 based vectors for the brain delivery of a model drug. Avidin-based delivery vectors such
as OX26-streptavidin (0OX26-SA), OX26-neutralite avidin (OX26-NLA) were chemically synthesized vectors and OX26
immunoglobulin G 3 type Cy3 fusion avidin (OX26 [gG3Cy3-AV) was genetically engineered. To improve the efficiency
of producing chimeric peptide, we used avidin-biotin technology. Pharmacokinetics of [*H]biotin bound to OX26-SA,
OX26-NLA and OX26 1gG3Cy3-AV was determined by intravenous injection technique, and their stabilities in plasma were
analyzed using HPLC. The brain delivery of PHlbiotin bound to 0X26-SA, OX26-NLA and 0X26 I1gG3Cy3-AV
(expressed as %ID/g brain) was 0.22+£0.01, 0.18+0.01 and 0.25+0.09, respectively. The areas under the plasma con-
centration versus time curve (AUC) for OX26-SA, OX26-NLA, 0X26 IgG3Cyx3-AV from time zero to 60 min were 209
+10, 195+9, 134129 %ID - min/ml, respectively and their total clearances (CLyy) were 1.00+0.09, 1.08 +0.07 and 1.54
+0.29 ml/min/kg, espectively. These results showed that these vectors possess preferable pharmaceutical (e.g., resonable
stability) and pharmacokinetics (e.g., significant brain uptake and enhanced AUC) for brain delivery. Therefore, these vec-
tors may be broadly useful in the brain delivery of drugs that are not transported into the brain to a significant extent.

Keywords—Blood-brain barrier, Anti-transferrin receptor mouse monoclonal antibody, Avidin based delivery vec-
tors, Fusion protein
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3} murine monoclonal antibody(OX26)+= rat trans-
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cytosis 3k EF 0|t} kB chemical-based cross linker
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(constant region)
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Scheme I-Diagram of anti-transferrin re-c_eptor IgG3Cy3-AV (fusion
protein).
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BEHE 3931590 Neuntralite avidin(BLV0492C)2 Accurate
Chemical and Scientific Co., streptavidin Sigma Chemical
A}ZHE, 2-iminothiolane(=Traut’s reagent)} maleimidobenzoyl
N-hydroxysuccinate esterMBS), T2 &2 A2kl bicinc-
honic acid:= Pierce ChemicalAlollA] #4814t} Fast protein
liquid chromatography(FPLC) system(Pharmacia LKB GP-20)
o= Superdex 200 HR 10/30 column(Pharmacia Biotech)
S AFEE19 AL, HPLC systemoll = TSK gel filtration column
SWx. 3000(7.8X300 mm)2 Tosoh Corp.(®]F.I)C2H
B 7Y3k AL ol9le] BE A E5 32 Y
FES AT

slefxuigoz HE| 0X26-Streptavidin(SA), 0X26-
Neutralite avidin (NLA)2| M=

Anti-transferrin  receptor monoclonal  antobody(OX26)2}
streptavidin(SA),'¢!?  H5=  neutralite  avidin(NLA)'®2}2]
conjugatess= ©|0] BE =F-o] Wiz A fAKRE Wi
me} AZERT. OX26= waut’s reagent(traut’s reagent
:0X26=10: DZ thiolatiordFZ. SAY NLA= MBS(MBS
:SA or NLA=15: )& activation*] Z1T}. Thiolated OX262}
activated SA = activated NLAZ &3 & F2Jutef]
o] EAAIZI & PH]biotin 1 pCiE 5=l 733 Super-
dex 200 HR 10/30 columng ©]-83} FPLC system ©l| 4]
£ GA3t}). FPLCANA elution® Z}2te] fraction® 2
E] B-counting& pico vial bedl 50 WA FH3F3L count-
ing cocktail(Ultima gold, Packard) 5 miE 7}3lo] WALEA
< &332 279 fraction®] FF=E FHIh

siaty 3 SMIHo= XEEH WE{Se| Pharmaco-
kinetics2} brain uptake

200~300 g SDA| +AR #F | ketamine (100 mg/kg)
3} xylazine(2 mg/kgys ZHFAMst] ntFHAZ] F single
intravenous injection technique'®'9& AM&-3}31ch ## 19}
2% [PHlbiotin 5 uCi®} 0X26-SA =+ OX26-NLA £+
0X26 1gG3Cy3-Ave ZHZF 20 ug 718k, 0.1% rat serum
albumin(RSA)E 33t Ringer Hepes buffeRHB, pH 7.4)
o & &3l 200 e FHsl iy Aoz FYsIAh
FALE 025, 1, 2, 5, 15, 30, 600 thE FHo2RE
ok 300 p/o] WL FH3}2L sodium heparin 100 unit/ml®]
e 5% A AYeE g9 233 F0 o
Fo] & 6070 EH& AHE A &F31] brain, lung,
heart, kidney, liverg & &3l 23] 224 soluene 350=
3 ml 7}k 60°Col A 3087F HESAlA LA F
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HlE{S2| HPLC 20| 2|3t #ZF orNy "I}
0X26-SA, OX26-NLA, 0OX26 IgG3Cy3-AVel ZAgst
PHlbiotin®] A3 2 disulfide bond2] $H4 A& TSK-gel

G3000 SWy. HPLC column(7.8 X300 mm)S AF&-3+ gel
filtration HPLCZ #1312 o]l isocratic elution 0.01 M
NaH,PO4, 0.15 M NaCl, 0.05% Tween 20(phosphate
buffer in saline with tween, PBST buffer, pH=7.4)2 A}
£3l5om £EE 05 m/minZ 3 th UV 280 nmE
AE3519. 29, column fraction®] &% 0.5 mic)| ZH2e]
fraction®] Ultima gold 5 miZ Yol ¥ARA S 43T
FEd| FALE injectate 5 WE PBST buffer = 34 3}
100 Wt H=E 312l FYFARE 605 FdS 2)F st
A& I JAFS A 3uteoA 2z FHste] Estar
°]% 100 wE F3dte] o]AL TSK gel filtration cloumnof]
F9hate] HastAth

Z3 o na

HIE{ 0X26-SA, OX26-NLA2| 8l8tX H|=

Thiolated OX262} activated avidins®] reaction mixture
2 By AAS7] AF superdex 200 HR gel filtration
columns ©)-& 3k FPLC elution profiles< ©]v] 22 H =
oMol FAISE profilesE B$.0H'9 FPLCEZHH £&417)
fraction &} OX26-SAE 17-23(8E& 44 9-12 ml), OX26-
NLAE 1622 fraction (384 8-11 m)S FH3SIAL bicin-
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3% 9l RM3eHoz M=E YE{ES| Pharmaco-
kinetics2} brain uptake

=) Baud gl wet g Fodk £ [PHibiotin
o] AEEH 0X26-SA, OX26-NLA, 0X26 IgG3Cy3-AV ]
[PHlbiotin®] 60%-7+e] A% &4 W3 Figure 19
Welct o] Aol A 2 vector= biexponential equation®]]
wel A48 & 4 Uth PARBMDP programe ©]-&-3}
of AXKE 0X26-SA,"”” 0X26-NLA2]'™®  pharmacokinetic
parameters:= B} =27 FAMS #& WER AT Pharma-
cokinetic parameters, organ uptakeZ ZZ} Table I, I
YER ST 60R7EA 9] 8FF T W AZF sk A
(area under the plasma concentration versus time curve,
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Figure 1-The percentage injected dose per milliliter of plasma-time
profile of [*H]biotin bound to different vectors, after intravenous in-
jection of the injectate for up to 60 min. Key : A ; 0X26-SA, [ ;
OX26-NLA, @ ; 0X26 IgG3Cy3-AV. Data are mean = S.EM.
(n=3, rats).

Table I- Pharmacokinetic Parameters for PHIOX26, [PH]Biotin
/OX26-SA, [PH]Biotin/OX26-NLA, PH]Biotin/OX26 IgG3Cx3-AV
Following a Single 1V Injection

*H]Biotin/ SH]Biotin/  [*H]Biotin/OX26
Parameters Lo RO SIeNIA | Ig]GSCH3-AV
A (%ID/ml) 187 £ 031 441 £ 051 291 £ 032
A (%ID/ml) 492+ 011 445+0.16 275 + 058
K, (min™) 113+ 013 087 +020 058 + 0.07
ko (min™) 0.013 + 0.001 0.012 + 0.001 0.0087 + 0.0005
ti (min)

Distribution ~ 0.63 £ 0.06 091 + 025 124 £ 0.15

Elimination 559 + 52 573 + 2.8 80.6 + 4.8
AUGCy- 60
(%D min/ml) 209 £ 10 195+ 9 134 £ 29
AUC,

(%ID min/ml) 400 £ 44 374 + 30 332 £ 89
Vdo (mikg) 790+ 1.8 876 £ 1.6 172 + 25
CLi:

(mlmin/kg) 100 £ 009 108 + 007  1.54 £ 0.29
MRT 803+ 75 814 +4.1 114 £ 7

Measurements of plasma concentration was performed up to 60 min for
[PHJOX26, [H]biotin/OX26-SA, [*Hbioti/OX26-NLA, [*Hlbiotin/
0X26 IgG3Cx3-AV

148l

Table II-The Brain Uptake Parameters of PH]Biotin/OX26-SA,
[PH]Biotin/OX26-NLA, [PH]Biotin/OX26 IgG3CyL3-AV Following
a Single 1V Injection

Paramet PH]Bioti/ [*H]Bioti/ [‘H]Bioti/OX26
aramelers  0x26-SA  OX26-NLA  IgG3Cy3-AV
Brain Vp (W/g) . 192£55 103 +7 91.0 * 80
PS(u/min/ml)  1.04 £ 0.04 093 £ 007 225 £ 0.65
%ID/g 022+ 001 018 +001 025+ 009

. Data are mean + S.EM (n=3, rats).

39, [H]BiotinfOX26-SA, [*H]biotin/OX26-NLA, [*H]biotin/
0X26 1gG3Cy3-AVS] brain uptake(% ID/g)< Z+Z} 0.22
+0.01, 0.18+0.01, 0.25+0.092 brain uptake= 7333t
oz AZHE [PHlbiotin/OX26 1gG3Cy3-AV7F 7HE & 3k
< Yepigl oy f23 Akel= fIith(Table D). 1714
eI brain uptake®] o] oH ou|E ZEA A A
EA 2 2oldA AE2EF [*Himorphine*"(0.08+0.01)7
vlws] B 2534, Helo]=A B9 [Lys7]deomorphin
(K7DA)9] 9-138] 2% o]E ¥E]E9] brain uptake®] Z
FgAo|EA ZEAF BEA2ME AP & g Ve
< & 4 Utk E3F [PH]biotin/OX26 1gG3Cx3-AV7t A
) BES T8k HAZAZWE E7=AE in vivo
internal carotid artery perfusion/capillary depletion technique
& o] &3ty =334t [*HIBiotin/OX26 IgG3Cy3-AV 1
uCi/mte 0.1% bovine serum albumin(BSAYE FHidle
Krebs-Henseleit buffer(KHB)S AH8-3}¢] 1.25 mi/minZE 10
Bt {2 AFIIANE W HEZ LA (Vp, pig)2 Table
Ivell YeERAAT}. Homogenate Vpi= 52.7+7.9, postvascular

Table IV— Brain Volume of Distribution (Vp) of PH]Biotin/OX26
1gG3CH3-AV after 10 min Internal Carotid Artery Perfusion
Followed by Capillary Depletion Method of Brain Homogenate

Fraction Vp (Wi/g)
Homogenate 527 +79
Postvascular supernatant 460 £ 7.2
Vascular pellet 1.65 £ 1.0

Data are mean + SEM (=3, rats). PHJBioti/OX26 1gG3Cy3-AV
was perfused at concentration of 1 pCi/ml.

Table II-Organ Clearance and Uptake of [PH]Biotin/OX26-SA, [PH]Biotin/OX26-NLA, [PH]Biotin/OX26 IgG3C13-AV

o Organ clearance(lL//min/g) Uptake (%ID/g)

rgan

& 0X26-SA OX26-NLA 0X26 IgG3x3-AV 0X26-SA OX26-NLA  0X26 IgG343-AV
Brain 1.04 £ 0.04 0.93 £ 0.07 2.25 * 0.65 022 £ 001 0.18 £ 0.01 0.25 + 0.09
Lung 2.80 = 0.29 620 = 0.74 2.54 £ 0.78 0.58 = 0.04 1.20 £ 0.11 0.30 = 0.06
Heart 1.53 £ 0.22 3.11 £ 032 1.18 + 0.49 0.32 £ 0.03 0.60 £ 0.05 0.14 = 0.05
Kidney 5.83 £ 0.09 6.81 £ 0.73 2.44 * 0.69 1.22 + 0.06 1.32 £ 0.10 037 £ 0.18
Liver 8.32 = 0.08 11.4 £ 0.68 46.2 + 12.8 1.74 £ 0.08 2.20 = 0.07 5.60 + 0.69

Data are mean + S.EM. (n=3, rats). Measurements were made 60 min after intravenous injection.
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Figure 2-TSK-gel column SWx; 3000 HPLC of injectate and plas-
ma at 280 nm. The column was eluted at 0.5 ml/min. (A) Dis-
integration per minutes (DPM) of 0X26 IgG3Cy3-AV injectate
fractions. Fraction was 0.5 ml. (B) DPM of OX26 1gG3Cy3-AV
plasma obtained 60 min after IV injection. Fraction size was 0.5 m/.
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