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[ Abstract] Parkinson disease (PD) is a common neurodegenerative disease. The abnormity of
extracellular microenvironment, as another important pathogenic factor apart from cell dysfunction and
toxic action, has been gradually concerned. The leading edge therapy on extracellular dysfunction includes
convection-enhanced delivery (CED) and simple diffusion delivery (SDD). The efficiency and safety of SDD has
been proved in many advanced studies. In this paper, we summed up studies on cerebral interstitial therapy. On
this basis, we highlighted newly-developed application of SDD on PD treatment by domestic scholars.

[ Key words ] Parkinson disease; Cerebral interstitium; Therapy; Simple diffusion delivery;
Review

Fund programs: National Natural Science Foundation of China (81471633, 61625102); Beijing Science and
Technology Project (Z161100000116041) ; National Key R & D Project of the Ministry of Science and Technology
(2016YFC0103602)

- LRIk -

P 4 7% 9% (Parkinson disease, PD) & — Ft & Ul
Fy M P e B e i 22 R G ARV, R R 4R
WeAHG, Z KT HEEN, K652 UL EARET
PD SR A 1.7%, SR S A Rk B AR 2
PD Y 2 R R R U5 B B PERE 8 i2 3R
S MBI R A i SRE AR LA SORS MAEAR | A
SN G AN el A IR I SR E2Y s 4 R | ey

BIEAR 5 o B AE U2 R BT 3408 i (substantia nigra
pars compacta, SNe) 2 UL REM 2870 2 2K At & /)N
A& (lewy's body, LB) R, PD IR K & L
For 0%, WATIR IR A R AR W L 5 AR | 5t
1 IR AE Z RS I A O, AR BIL ] A5 %

PR TR RIS | e ) TR JDE 2R LA
YPERNEFLN LR A T RE GRS A T & A Wi



- 196 - PR SR DA 20184E 3 H 20 HEE 18555 3 1 Journal of Neuroscience and Mental Health, March 20, 2018, Vol.18, No.3

YERIAE . T 259 X L 2ok ol i e s, A% 481
IR B IK S S0 25 25 07 AU B Y B3R K N
P TCRENE A By, M H S E 2B R 5%
AN RSN, 3-8 19 45 24 07 12 L BRI 19 45 25 &%
G2 R AT ST B RN . B DR [] 5 ik 42 5% PD
YT BT R TIHANERR , BT .

— . MR BT AR YT PD BRI LA

00 J 5 I 7657 PN B 24 L R R TR J3 4
i 20 JE A B, A A M P R A e
JH [] LB | 73R S o FLAS RN EAE , W) B s 4l
ML P A, R, FOA BRI PR BT LATE B 40
LA PN B 2800 i S5 B 1 et R BRI B——
TR A 53 7RI /NS 145, XELL I A A2 . H i
RILBYIRIT PD KA 22 R AP PR 1S4 AN e 2 3t 1fi i B
i, DK M2 B R AR AR 25 4 PD SR o T AR,

i 20 A A 5 ey G ot A5 R G0 R A [E) BT AR B
(interstitial system, 1SS) R ARk, MG R GE A
A0S I AN, o 3 I A AR 70% ~ 80%,
i 10078 2R o I 3% ~ 5% I 25 B =S ], AR 1Y
15% ~20% i PN 75 AR 25 8] W 9 1SS (40 i 18] J50) fir
T 20 = T ) TSS AL B R A 200 L A )
(extracellular space, ECS), 1SS /& H i 41 A2 5% . & 41
A5 BE S5 E 235 g K fii 40 2RO 3 R i) RUBE A
20 ~ 60 nm 7 ), 3 WA 5|, RESE Y £
55 240 R 6 % B T B R AR AP S BT, BRTEIA R,
i FXCS 7 4 B 15 BT A 78 0 85 138 SRR 20K, {1 L 2%
FI IR 7R B R AR I R TR 2 2R (A B I 5 o A 3, ki
ECS I ARt e , M A7 78 ] i 1y 431X, angh 2%
LA R RAZ X R R B850, LG 1 ) 32 )
A B BT X, BIGK K B 20, AR RS
R F il AR RAZAE AL B AR B, I J0R i
FIHEAN R I, Sz, M) B as i s 2 4%,
H A BT, TEAERE I E AR B e i il L 15
W Ay EE B AR, (RS B A A 2, i [R5 PN 454~
BT BRI 5 i RV BRSNS — AN AE 1Y, FE ik
HAERKET LGRSt fe &R
AW ZZ LAY . Sykova Fll Nicholson"®' 7 PD ¢ F 5
R & B, PR X ECS IR BE (N ) SB#AIK,
1M N SAY ESED*) ERU L, B D* {EH i,
i ECS WK 23 F BURE 7 R I 4 5 , 80N
B ) B KA B L (Vd-max%) B8 hn . ARSI A
T X 2 B 2 T AR TR S 1 8 N (BT i
B, 22 U e bl 28 ST A il A 1) G T A4t A, e
FE & RIE R B4 M 5 0%, B i 2 2F 4 it 1
2 AT B2 P K 3 T B2 R, BN gm0
R R R S B X B R B PD i s o 2

T BURMR AT 58 B, SCIRAIR XOR BRI T 2
R SCRAA | RS DX ) KA B2 24 1, T A6 o IX.
7B SR BR T Hh ik N ZINER 23 X, I L g
OB, 38 A A ECS PN 2 [E) 9 (interstitial
fluid, ISF) A5 i i BRid e, K15 Vd-max% 5 t,,(#)
JTiE bR — 2 B s [a]) 254X30 )22 28, i &
i ECS Z5 259097 PD LA AT RE . X i ECS HEATER A
WS, F 2T BT DT 0 £ B o) D il 8 1
P55 AR BR2E AL

N2 1 1) DSE  E e E DI RPN

R GBI AW, —KEh 3k
] Bobo %5 7 1994 4F- 4 Hy (% X i 3 5 45 25 7 ik
(convection-enhanced delivery, CED), B4 —HK 2Tk
Rl 24 K S B2 7E 201 1 AR 2 1 (W T PR B 4 25
£ (simple diffusion delivery, SDD)

1. CED: 1994%F, Bobo Jz JGHATBA " 5 ety T
ZRISS 23 25 I ME &, RO IE AXTIRE 55 45 245 . CED
F14) S SRR 247 sk kA ol 3 B 128 3810 Rk P [
P, I T s i dp 2 1 1) i R A e e 19 e
JIRGEE , f {20 S R1E A& A= X, ATTAE Rz i AR
FHIRNFE , /N 30K 738 250 191,
55 2253 LU Ry FE S 1) v B Bk 3% o) Ji] R AL 4R
DUSEA 25 e kb P VR TSR], B2 s HAR ROk

— T E , CED 2l 3844l : (1) ;=4 &
TR BE A 5 (2) 37 AR ) R 3 K X 4
3) v A CED BT T I i 7 Bt
PRSP AR, {0 224> CED I RELE I R 45 2]
JHz N, SRR I RIE T A B ALV T T
2 (D (2) A5 (3) ToILSE IR 5 (4) Fe 1%
BB K (5) 259 3 A AR TSRS AR, J7 AL
ARE, 54k, Sk AR A S EMLLET)
()29 144 [ BRBHIE A BAFT R R L L AR R 3R
DU ZE 2 2 55 [ N RHIF D LA 8 5T oK 245
WA 25053 A 7R B 55 22 J5 TR0 CED 5 k4T 1 5¢
MR R, TERARRH 5 sy ge Iy i 4 B 13k
R AR ), Raghavan %10 Ak (2 A
FNSZ T BUAR | 38 3k S AR B AT e AL A
T2y £ 20 G AT AT - SE 30 CED YA 57 I o

SN, CED 7E il RN J7 TR 5047 A e R4
W, 23 PDIRYT Il R SRR 5 CED 7 142
SVEHE, T7 763 5 R | K255 F SR
H B MR RVIL CEDIRYT 5 B3 UG I A 1
ok, FRATHE I A 2 a) R 3 P R AT B A
(1) BRIy T o AAT SR PR, S I 25 24 J5 2
YR sh S o A RS AR S8 ti T H T HOR R FR
ANBE LI 2575 1SS A e 12 FITE PD R A2 IX PR S5 I



PG SR DA 20184E 3 H 20 H AR 1855 38 Journal of Neuroscience and Mental Health, March 20, 2018, Vol.18, No.3 - 197 -

JE ) oy A A O, PR 12 T R = 5 [RIRT
P T 24 VR I 4 24590 e X LA o, R LG LA S B
2GR FIRIEAL ; Q) CED G r it Ferb i T34k
JonH 3 RTS8 A A R T 48 v, 5 R i A i B 2
W) LU IR T e s 28 RGeS mIvE R 0
I, QRAArXH A S 3 1SS PN A 25004 TS | R el
FE A T AR I 5 dndeT et (B] B gh 25 =K k2
Y TR AR AT B RS R, X MG 25 2
i, WL RO B, Lueshen 25 1T % 187
RITG[RI F48, HZ 2R E A 10w /min,
IXCH X CED 7E It IR 1 W FH A 21 AR K i 4k s 4B H .
SR, SIS o R 000 £ il o A% A NS 25 90 43 A
TEBATESR & CED Y7 % B AT RS 7E

2. SDD: SDD ST AF A W & ek i, I 2y
Yy BERREE , 25 R IO G 240 it ) 5, -
FE LYY, 1 2 AR DO AR A TR T A —Fb
T MBI RURE , HR W s 52 SDD 7k
5 M B AL ER A, 45 SRR SDD 4 REAS B 5 42 724
YIEIVE R, S8R 28 il () Jo 3 28 PO ST M 67 i ke
MR ZETERG R H g2 Nk E , 55 CED
AHEE, SDDBR T HA TN E | 45255705 /0 | BIFEH
SN 38T DSR2 A R DX K A ) A e e
R . B LERTAESY , A& B FR SDD £
AR HE RIS DA & I A 1SS HR 4T, B
IR 1SS 43 X A0 i 4] 5 P 490 o 7 35 P I g il 9 2
1R IARAIT b, AR IT 4L ST 1 20 M [R] B R 7
AR BT (R R B %), R S TR0 I 2 4L 44t i 471 ]
PGS, S T IR S 45 SN R RS g
R ZHEARDMRUAME S REV-G, KR4S
J& B T EEE W S A A A E R TR, KA ]
BRI K o> T TR SRR I ARIC , SEELECS 915 5Kk
A5 BB S R R

FH T I TR 24 4 7 ki 1] 52 mh 7 5 R B AR A 2
PRUER ] BTy 748 42 1] 5 | B8 =R YT A80CR i OGS
1E, Rl Bk W B ST, JCEENs 2 #E 3 SDD # R
FEARA AR I 22 RGBT PN o FERG S ER
AR Z AT, BF9E 32 B A 9 [E 41 29 K2 Charles
Nicholson ZL 4% 7E 20 142 90 4548 & B ) i b 27 1
JOTR B R X A AR B AT IR R 0 R B
A R G v 22 X B ECS PN 20 400 v 3 0 T e 4
i, T EEL AR 230 U BEHR AL ECS A U I 25 A 1 A [) &
FaFE R XA A 0Tk R AL ECS 544 A1
IREPIZESEE R, S UL LRI A0 HL , RE7R E
2 H T ME— AT 7E 42 1 Ve L PN = 4 3l S 52 i ISF
S, PRI ECS P S B AR 2 A2 N
AN Z e 113 N W N 1 g R e o [ R BT

WA 3] Fr i DX P 2 2O Bifi #2800 iy AR T IR 1)
TR TR, XA T FERREE TRV AN SR T
BRESAI A RRAR o 3K P 28 244 T 850 JRr B 4l 2
TR BEA AT A RS B9 i 55 5 BEAR AL 55
— PR BEAR RS, AT A 2 TR B o A AR S
i PR AL T R E 2 TR IR BT MR
% PD B K U2 SR RS AL, Fang 251
T PD R RIERLG 6 J 1) U SE BT X 45 TR s
HELHEM HZ Y 2R, YIRE T PDELRY
R BRI g 4t B ) BR A S48, S SDD R Y7 PD 24
BT, RAEC AR TIRZA A E B Mo sk
0l T HA R A A RAE BUR IR RUT R,
R L, He2s (8] 43 PR AN W62 s e, R
PR S HE MG RO E . XA L
PRAFAFTE F R R TR T - RS T
BEU KB TE AN FRE R 2 9 B IR A BT 40
AMAIRE I 48 T SDD VR 7 48 B — A~ 28 i 7 1a) .

T DA SRS IH G, FATT A B Rk R BT 45 25 )7
2, FE SDD 2 BAy — L4850 45 24 75 1 J0 i el
L (1) 259 T8 0T K0S, B RE S T 10 fixi
S5 B 4 BELASH2% A 5 (2) S BRAY J&— Sy g 1
VR BE | 4 B ARV I 24 v BE ) BRABUIR S, WT AT &K
Mkt = BE PR 2 ALY TR AN RO 5 (3) 3 i X
Fiki R TED B 5 |3 40 IX AR, 3F B S ik ik G
fifi FHANAT AT Be S e T0l 25 4 A i Y, iy HL B a%
SCIRZG W A S W 28 AR S A T DR
D7 5 b LA TR AL i I8 XS BORS B ) 5 (4) ANFe 22
AV A, AR SR 28 Ty RE 45477 ) R RE P R
KA. R IrRIE B9 i 28 ) BT 45 24 r i i ph 28
LI RE B #0 2 T30 ), Bl PR L 4h 2 R AR S
iR E R T AR sE A 0,

= MR BUEARIRYT PD W H 254

1B Jo 200 i 95 1 i 2275 3% X 1 (glial cell line-
derived neurotrophic factor, GDNF): GDNF fz4/J 7 20 tH:
28, 90 AFA R I DA B 28 J o e 441 i 22 B49 1 T I,
SRS P e s | e aifbniok, S —Fh s
FHF, BRACVERKR A 8 Kk ey—ot, v LLE
FEH N 2 L ERE R 2800 . X 2 B B R re &t
JG A REZ SR T Z M AN E R 28 TT, 7E PD B M
VRS YR RS oy 2B 2 s a4
PHEISY, B RILIR, GDNFAE R —FMEE 2
HTIRIT &2 R G950, JLHOZPD, GDNF &
T PD Y EE R 22 37 N T Gill %™ 4% GDNF
i A B2 N W R AT A R A S B PD R
M 5ERE N, B2 5 401 7 3 7R I PRORE R A PET-CT A5
AR BT I A eGE, OAER A CED i



-+ 198 - T2 SRS A 20184F 3 H 20 HES 18 4% 31 Journal of Neuroscience and Mental Health, March 20, 2018, Vol.18, No.3

A A BTG IT PD R ik, HIHGE BRI RICR
WARBRAE, I TCHA I &R B, SR Lang %5
X} 43 ] PD 8 #3547 CED YRI5 M2 B 7R 7 I, 3
KBTI S5 0. A 2E b P 1-GDNF Fi
CED {EATE R KA Y7e i N AL, 259 1E gl 2
NI, RKEBURR TSR, KW, A%
T GE 2 A I A N B AR I O, AR A
F CED sl HAth 28 i (8] 52 45 25 77 3697 PD (1) S5 iy
76135 Fiandaca 25" % B 54248 CED 3 3% GDNF,
AN 3G b T B W) o0 AR BT H AR, 3L
B2 AN S CSF 2, fe 5850 M ik
Yio Gimenez 25" ¥4 S i 7K Gadoteridol (GDL) il
B Gadoteridol(Gd) 73 ] 5 GDNF i@ it CED 4 73 5|
AR R KIS W5er, I MRISERT W0 >k B ER
GDNF B4 5B &, 8] 8 3 A GDNF DL KAkt
N Vd-max%, 7] B ] GDNF ¥ 78 G B 51 A S
PGP ECANIE 2 0 10 X 38, {HAf 22 GDNF 28 H 1 e i
WS, R E TR, AR, ok
23 % GDNF P2 A /Nl s AT 15T, AR
X} F GDNF [ 1 — 25 1 RN a0 3R 22 4 | (] i b
ik CED 4 25 W% 2 PD A2 iR A 8,

2. AAV2-Neurturin(CERE-120) : CERE-120 2%
—FIAYT PD B TEIRYT . Neurturin /&—7Fh GDNF
[, HAE SRR v ook B — SO 22 EL iR o
ZICBAG AR AR 2K S AT, Marks 4514
¥ CERE-120 FESTREIASCIRAAR A T 19115 R0 ik HH
TIZIBIT L e, A PD B FH Bt f
Frekat , (H2: T 2 o0 OB IR AR IR 06 A BE
TESZHIR TR, IF B R A R kA R,

3.l AL TR 6 T 4 it R U 1) R 3R T T
(MANF) : MANF J&—F X435 &k 20 000 [ 43
W AT, X 22 LR REM o0 A ph R R ph 28
B A, 7T HTFIATT PD, MANF R 3EZ Bk fig
P TCAEG RE T L b7 Ik e P O e 45
PERIG PRATAFFE 83 THERR 2, Jm4esk, A2
Fl A AL CED 348 RG] B 7 A Gd-DTPA #ll
MANF 2 5E 7e 4% AR B, IF 52 MRIGE 5 HAE M
SeR AR oA, B T R, HE R N TG
PRI 75 BEAE N i — 20 58 Sk i e LT AR
W VR BRFR S,

4. JRAH K5 B 28 1A 2 9 48 2 PR I R T (A AV 2—
GAD): % vE 5 240 AAV2 2K 5 14 75 2 2 i 7R Tl
(GAD) J2& PD — P FE (IRYT ik Xfo-FI-%
£ e 5 455 PD K FRUBE AR () F 5% 22 B, K5 AAV2-GAD
i 7 ) B TS A% (STN) AT B AR STN 3k B 3 4, 47046l
Pt R as , I BRI 1 B T - SBUIRIAR 2 T

BEMh 2 TE HA R i e, B T 17—
WA RBFSE , B AAV2-GAD i [T CED 322 4> i 13 3]
PD S B B HR, Fpekit T 124 H L, 7E3 AR
A VTGRSR T RBFSE (BT

Pa . /Ngh

PDAE A1 PRGN , TCBE 2 ™ F 5 M £ A 106 o
wHAESTIRE, 5 HATIG R E G F Bk B
T29)iR97 804 DBS. SR AT R A, Toig a4t
IR s KB AR 25 24 , 25340 LA 3 Aot it i o e,
3 25 P PR R 2 DX sk, BV 2 T L ik
LAY Bf5E , 258050~ WhZ5 5 3o B 20 LA TN B2 4
M 4 H S 2B 1SS A RER RS AR M , 3RS,
X IR SRR K R 2 T 58 10 R4 25 e o
BT XF 1SS 25 FNZh BE GBI IE F1Z A R, T Tk
AT R 3 N FH S22 4 500 A 8] JB 46 24 0 =X Dk
B EEHN S RERIR N . TR ISS Y5
3 7 BT AN F g LA S IR R S 2 5], A
FLYRRE G 1SS N 2459 )2 i sk B IR R 32 2% . AL
WA ZE A S B3 A A UL AR S5 5 ik, fifi
R v 367 I . MIEE AR ARk, Bl
F 5T PD BRE IR AL AR AR A LU SGRYF
TR R, PD RSB — N ME AT A MERS
FIZESE SO A ML R AT SO TSR 2 pfoe
YEE R SO S0 SRS RS | E R, BT
XUERE | FEI 00 | (5 | A | i

& % X W

[1] Jalewa], Sharma MK, Gengler S, et al. A novel GLP-1/GIP dual
receptor agonist protects from 6-OHDA lesion in a rat model of
Parkinson’s disease[ J |. Neuropharmacology, 2017, 117: 238-
248. DOI: 10.1016/j.neuropharm.2017.02.013.

[2] Reeve A, Simcox E, Turnbull D. Ageing and Parkinson's
disease: why is advancing age the biggest risk factor? [ ] ]. Ageing
Res Rev, 2014, 14: 19-30. DOI: 10.1016/j.arr.2014.01.004.

[3] Hanagasi HA, Tufekcioglu Z, Emre M. Dementia in Parkinson's
disease[ J ]. J Neurol Sci, 2017, 374: 26-31. DOI: 10.1016/
j.jns.2017.01.012.

[4] Surmeier DJ, Obeso JA, Halliday GM. Selective neuronal
vulnerability in Parkinson disease[ J ]. Nat Rev Neurosci, 2017,
18(2): 101-113. DOI: 10.1038/nrn.2016.178.

[5] Mayerhofer R, Frohlich EE, Reichmann F, et al. Diverse
action of lipoteichoic acid and lipopolysaccharide on
neuroinflammation, blood-brain barrier disruption, and anxiety
in mice[ J ]. Brain Behav Immun, 2017, 60: 174-187. DOI.:
10.1016/j.bbi.2016.10.011.

[6] Patel MM, Patel BM. Crossing the Blood-Brain Barrier: Recent
Advances in Drug Delivery to the Brain[ J ]. CNS Drugs, 2017,
31(2): 109-133. DOI: 10.1007/540263-016-0405-9.

[7] Fisher M, Feuerstein G, Howells DW, et al. Update of the
stroke therapy academic industry roundtable preclinical

recommendations[ J ]. Stroke, 2009, 40(6): 2244-2250. DOI:



PG SR DA 20184E 3 H 20 H AR 1855 38 Journal of Neuroscience and Mental Health, March 20, 2018, Vol.18, No.3 - 199 -

[22]

10.1161/STROKEAHA.108.541128.

Lei Y, Han H, Yuan F, et al. The brain interstitial system:
Anatomy, modeling, in vivo measurement, and applications
[J ]. Prog Neurobiol, 2017, 157: 230-246. DOI: 10.1016/
j-pneurobio.2015.12.007.

Sykova E, Nicholson C. Diffusion in brain extracellular space
[J ]. Physiol Rev, 2008, 88(4): 1277-1340. DOI: 10.1152/
physrev.00027.2007.

Ren R, Shi C, Cao J, et al. Neuroprotective Effects of A
Standardized Flavonoid Extract of Safflower Against Neurotoxin-
Induced Cellular and Animal Models of Parkinson's Disease[ J |.
Sci Rep, 2016, 6:22135. DOI: 10.1038/srep22135.

#HHOH, ARE, BT, 5F WRERE AR SCIR A S R ST
Pl BBAR R R L) . AP PR (R 2288, 2016, 24(6):
401-406. DOIL: 10.3969/j.issn.1005-5185.2016.06.001.

Dong YC, Shi CY, Lyu DY, et al. Magnetic Tracer-based
Method to Image the Extracellular Space of Striatum and
Substantia Nigra [ J 7. Chinese Journal of Medical Imaging,
2016, 24(6): 401-406.

Bobo RH, Laske DW, Akbasak A, et al. Convection-enhanced
delivery of macromolecules in the brain[ J ]. Proc Natl Acad Sci
US A, 1994, 91(6): 2076-2080.

Mehta AM, Sonabend AM, Bruce JN. Convection-Enhanced
Delivery[.] 1. Neurotherapeutics, 2017, 14(2): 358-371. DOI:
10.1007/s13311-017-0520-4.

Barua NU, Hopkins K, Woolley M, et al. A novel implantable
catheter system with transcutaneous port for intermittent
convection-enhanced delivery of carboplatin for recurrent
gliohlaslnma[ T1. Drug Deliv, 2016, 23(1): 167-173. DOI:
10.3109/10717544.2014.908248.

Guisado DI, Singh R, Minkowitz S, et al. A Novel Methodology
for Applying Multivoxel MR Spectroscopy to Evaluate Convection-
Enhanced Drug Delivery in Diffuse Intrinsic Pontine Gliomas
[J]. AJNR Am J Neuroradiol, 2016, 37(7): 1367-1373. DOI:
10.3174/ajnr.A4713.

Raghavan R, Brady ML, Sampson JH. Delivering therapy to
target: improving the odds for successful drug development[ J ].
Ther Deliv, 2016, 7(7): 457-481. DOI: 10.4155/tde-2016-0016.
Bartus RT, Weinberg MS, Samulski RJ. Parkinson's disease
gene therapy: success by design meets failure by efficacy[ J ].
Mol Ther, 2014, 22(3): 487-497. DOI: 10.1038/mt.2013.281.
Warren OC, Bartus RT, Baumann TL, et al. Gene delivery of
neurturin to putamen and substantia nigra in Parkinson disease:
A double-blind, randomized, controlled trial[ J ]. Ann Neurol,
2015, 78(2): 248-257. DOL: 10.1002/ana.24436.

Olanow CW, Kieburtz K, Schapira AH. Why have we failed to
achieve neuroprotection in Parkinson's disease? J ]. Ann Neurol ,
2008, 64 Suppl 2: S101-S110. DOI: 10.1002/ana.21461.
Lueshen E, Tangen K, Mehta Al, et al. Backflow-free catheters
for efficient and safe convection-enhanced delivery of therapeutics
[ J ]. Med Eng Phys, 2017,45: 15-24. DOL: 10.1016/j.medengphy.
2017.02.018.

Han H, XiaZ, Chen H, et al. Simple diffusion delivery via brain
interstitial route for the treatment of cerebral ischemial J ]. Sci
China Life Sci, 2011, 54(3): 235-239. DOI: 10.1007/s11427-
011-4141-6.

Xu F, Hongbin H, Yan ], et al. Greatly improved neuroprotective
efficiency of citicoline by stereotactic delivery in treatment of
ischemic injury [Jl. Drug Deliv, 2011, 18(7): 461-467. DOI:

[23]

[24]

[33]

[36]

10.3109/10717544.2011.589084.

Han H, Li K, Yan ], et al. An in vivo study with an MRI tracer
method reveals the biophysical properties of interstitial fluid in
the rat brain [ J ]. Sei China Life Sci, 2012, 55(9): 782-787.
DOI: 10.1007/s11427-012-4361-4.

Nicholson C, Phillips JM. lon diffusion modified by tortuosity
and volume fraction in the extracellular microenvironment of the
rat cerebellum[ J ]. J Physiol, 1981, 321: 225-257.

Nicholson C, Tao L. Hindered diffusion of high molecular weight
compounds in brain extracellular microenvironment measured
with integrative optical imaging[ T7. Biophys J, 1993, 65(6):
2277-2290. DOI: 10.1016/S0006-3495(93)81324-9.

KR R, X 224, 45 I ZH Ui e B AR SR IIR0 T 1
BHEF4, 2015, 33(8): 101-105.

Shi C, Lei Y, Han H, et al. Transportation in the Interstitial
Space of the Brain Can Be Regulated by Neuronal Excitation[ J ].
Sci Rep, 2015, 5: 17673. DOI: 10.1038/srep17673.

Fang Y, Dong Y, Zheng T, et al. Altered Tracer Distribution
and Clearance in the Extracellular Space of the Substantia Nigra
in a Rodent Model of Parkinson's Disease [ ] ]. Front Neurosci,
2017, 11:409. DOI: 10.3389/fnins.2017.00409.

X, ZERIR , ZRVRL, 45 DO B s S WL i 2H 2L 1Y
SIS CRHIE [ ) ] AUt Rz i (B2, 2017, 49(2): 303-
309. DOI: 10.3969/j.issn.1671-167X.2017.02.021.

Zhao Y, Li YQ, Li HY, et al. Drainage characteristic of the
brain interstitial fluid detected by using fluorescence and
magnetic tracer method[ J ]. Journal of Peking University(Health
Sciences), 2017, 49(2): 303-309.

Nagahara AH, Wilson BR, Ivasyk I, et al. MR-guided delivery
of AAV2-BDNF into the entorhinal cortex of non-human primates
[J 1. Gene Ther, 2018. DOI: 10.1038/s41434-018-0010-2.

Yue P, Gao L., Wang X, et al. Intranasal Administration of
GDNF Protects Against Neural Apoptosis in a Rat Model of
Parkinson's Disease Through PI3K/Akt/GSK3beta Pathway
[ T]. Neurochem Res, 2017, 42(5): 1366-1374. DOI: 10.1007/
s11064-017-2184-1.

Gill SS, Patel NK, Hotton GR, et al. Direct brain infusion of
glial cell line-derived neurotrophic factor in Parkinson diseasel J |
Nat Med, 2003, 9(5): 589-595. DOI: 10.1038/nm850.

Lang AE, Gill S, Patel NK, et al. Randomized controlled trial of
intraputamenal glial cell line-derived neurotrophic factor infusion
in Parkinson disease[ J ]. Ann Neurol, 2006, 59(3): 459-466.
DOI: 10.1002/ana.20737.

Saito R, Sonoda Y, Kumabe T, et al. Regression of recurrent
glioblastoma infiltrating the brainstem after convection-enhanced
delivery of nimustine hydrochloride[] 1. Neurosurg Pediatr,
2011, 7(5): 522-526. DOI: 10.3171/2011.2.PEDS10407.

Barua NU, Gill SS, Love S. Convection-enhanced drug delivery
to the brain: therapeutic potential and neuropathological
considerations[ J ]. Brain Pathol, 2014, 24(2): 117-127. DOI:
10.1111/bpa.12082.

Fiandaca MS, Forsayeth JR, Dickinson PJ, et al. Image-guided
convection-enhanced delivery platform in the treatment of
neurological diseases| J ]. Neurotherapeutics, 2008, 5(1): 123-
127. DOI: 10.1016/j.nurt.2007.10.064.



+ 200 -

T2 SRS A 20184F 3 H 20 HES 18 4% 31 Journal of Neuroscience and Mental Health, March 20, 2018, Vol.18, No.3

- LRIk -

A o 5 HA RO AR TS A RA T BE B 52 Ml A ELAL R Y
Wt R

FAA EUM MR

HH %

100700 b7, B E X ERAPZ WA (S R 728 % F4); 030001 L EFKFH

Z R EFEEFA); 712046 A8, EEEES KT

WBAEAES . 3 B 4, Email: huangyh@163.com
DOI: 10.3969/j.issn.1009-6574.2018.03.011

ol

%=l

KREFIR(ES )

(] AR ar IR AN 5 S 3 Wy A & vh G e JEE SORR A I 30 o 2 i 57 30 B2 38 Cearly life

stress, ELS) BERF AN KAN #2200 K F , BETTN BUAR JF NI REREAE T o SCHREXT ELS X AF 5 A1

FINFNLNBE R R B HALH AR TS 2 A T

TEER . KR SCHRERI] , ELS AT AE 143 455 DNA HIJEAL |

VS Fo il — AR - B bR B2 B (HPA) il | 2 pf 22 B SR A 73R 0k | MR i DX 25 K9 45 T BE A ML o Jl 4
JEARBARIIRE L2 . S REIR, ELS t1RES AR5 AR B Rl A, Xt T S BOA I

AEAY3Z 45

[k83A ] AKITIRE;

VA R SN £ U

[42]

[43]

Gimenez F, Krauze MT, Valles F, et al. Image-guided convection-
enhanced delivery of GDNF protein into monkey putamen[ J ].
Neuroimage, 2011, 54 Suppl 1: S189-S195. DOI: 10.1016/
j-neuroimage.2010.01.023.

Luz M, Mohr E, Fibiger HC. GDNF-induced cerebellar toxicity :
A brief review[ J ]. Neurotoxicology, 2016, 52: 46-56. DOI:
10.1016/j.neuro.2015.10.011.

Herzog CD, Dass B, Holden JE, et al. Striatal delivery of CERE-
120, an AAV2 vector encoding human neurturin, enhances
activity of the dopaminergic nigrostriatal system in aged monkeys
[J]. Mov Disord, 2007, 22(8): 1124-1132. DOI: 10.1002/
mds.21503.

Marks W], Ostrem JL, Verhagen L, et al. Safety and tolerability
of intraputaminal delivery of CERE-120 (adeno-associated virus
serotype 2-neurturin) to patients with idiopathic Parkinson's
disease: an open-label, phase [ trial[ J ]. Lancet Neurol, 2008,
7(5): 400-408. DOI : 10.1016/S1474-4422(08)70065-6.

Marks W], Bartus RT, Siffert J, et al. Gene delivery of AAV2-
neurturin for Parkinson's disease: a double-blind, randomised,
controlled trial[ J ]. Lancet Neurol, 2010, 9(12): 1164-1172.
DOI: 10.1016/S1474-4422(10)70254-4.

Hellman M, Arumae U, Yu LY, et al. Mesencephalic astrocyte-
derived neurotrophic factor (MANF) has a unique mechanism to
rescue apoptotic neurons [J1.] Biol Chem, 2011, 286(4): 2675-
2680. DOI: 10.1074/jbc.M110.146738.

Yu YQ, Liu LC, Wang FC, et al. Induction profile of MANF/
ARMET by cerebral ischemia and its implication for neuron
protecﬁnn[ J 1.7 Cereb Blood Flow Metab, 2010, 30(1): 79-91.

[44]

[45]

[48]

DOI: 10.1038/jcbfm.2009.181.
Chen YC, Sundvik M, Rozov S, et al. MANF regulates
dopaminergic neuron development in larval zebrafish[ J ]. Dev
Biol, 2012, 370(2): 237-249. DOI : 10.1016/j.ydbi0.2012.07.030.
Barua NU, Bienemann AS, Woolley M, et al. Convection-
enhanced delivery of MANF-volume of distribution analysis in
porcine putamen and substantia nigra[ J 1. J Neurol Sci, 2015,
357(1/2): 264-269. DOI: 10.1016/j.jns.2015.08.003.
Luo J, Kaplitt MG, Fitzsimons HL, et al. Subthalamic GAD gene
therapy in a Parkinson’s disease rat model[ J ]. Science, 2002,
298(5592): 425-429. DOI: 10.1126/science.1074549.
Kaplitt MG, Feigin A, Tang C, et al. Safety and tolerability of
gene therapy with an adeno-associated virus (AAV) borne GAD
gene for Parkinson's disease: an open label, phase I trial[ J ].
Lancet, 2007, 369(9579): 2097-2105. DOL: 10.1016/S0140-
6736(07)60982-9.
Tosi U, Marnell CS, Chang R, et al. Advances in Molecular
Imaging of Locally Delivered Targeted Therapeutics for Central
Nervous System Tumors[ J ]. Int J Mol Sci, 2017, 18(2). DOI:
10.3390/ijms 18020351.
Fuxe K, Dahlstrom AB, Jonsson G, et al. The discovery of
central monoamine neurons gave volume transmission to the wired
brain[ ] ]. Prog Neurobiol, 2010, 90(2): 82-100. DOI: 10.1016/
j-pneurobio.2009.10.012.

(e H 31 : 2018-01-03)

(A it - X IR





