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T A DX RIS X, 36, 22 f /N B J2 B R 40 L2 ECS F4 12 ECS A B 225 ) ECS 451 bk
7, HR AR M9 HUR R B S 2 ENIBEA K/ANCE T, B, 5F A 5 IR E o ) g
o, AN [ 2 R HAT R LN A T A S R ECS ML T

TRFIE0( Volume fraction, o) {83 ECS MBS AR BEI E 43 b7 B a= Voo Vi o o HATE
BI5p Hah A8 Ak AN A A 3R BRSS9 o AR 38 H o 76 0. 15 ~0. 30 2Z [a], {H 4 & AE e i i 25 5
UM R K o 2 FREE 0.051°)

43 F1E ECS 1 LAY HE( Diffusion ) A TE A% B 23 32 21 i 4 21 45 44 i BELAS: , 3 A BELAS A FH AT FH A il
J& (Tortuosity, A) FRx"' o A = (D/D*)2 , b D RNy TH A MY RS, D" Ao TAERA L i
A WRE, A W T4y FAE ECS "h o 8 MES 2 . e A= 1.6,

200 M ) ot ) B S S AR TR DA . P T B RAE AN ] B R 10 ~20 nm M5 A SE AN
KATF, WA (K A28 20 nm) BB 75 (RG240 17 nm) |, AT AE A0 R] B B, B2 /b —
HR 40 B 1] PR ELAA RS AR S RV e K il

TRTE (Bulk flow ) " 0 S I5 i 2 WG, T B2 100G 57 e 43+ 00 1) YA A 4 I [ B 37 3, =22 Jis V0 A B
Tt ARV, SCHRL 14,15 T340 TR e L AOIESR . Cserr FFTLL SO T R[] 43 F B9
A R HCR B W I 22 ) (R R A — B, TR A R, (AR AN R A A T A I A 1) R
IR AT W B AR 2 10, 5 wm/min,

3 ECS #fx B I8 ie &l

3.1 ECSHMRRAE

20 f i T ECS MgHe st —
J7 AT 8 [ e R ZH 2, DU - B s o T B e
W 2R BCS (PR 1) SRR, 1% s H Re
E o, BAUR FRTE M MG EL; seab, i 2 21 28 5o [
FE AL AL TS A VT RE T2 ECS A fL, RpIHEE
BRI ECS AL I AR FRG 5% |, e E 0 H W £
ECS; T 214U i % REEAR B IS, W43 o 2 m KRk R RS s i B R a6
0.15~0.20, B2, B ZRad BT B VKA AT RE 1S ny KB ECS, “S” S8, P b %8 fil /M
Ka, 7—J7H, LA BESMEE 77 F SR ICY 99" Fig. 1 Electron microscopy image of rat cortex with
BT RAL = 4K % ECS™Y % e AT AR GE o dendritic spine and synapse!”’ . Extracellular space
%[] Ao EE%E@%,TT%&ﬁ%ﬂE{%%L%ﬂ% ECS (ECS) is outlined in red. “S” represents dendritic
BUEA . AT, T R4 TR ok ey, spine and “P" represents presynaptic terminal
LSRR Na® B CL 427 025 320, ECS TRl o7 55185 1 40% ROMRBL ) THFSE A B
F) Na" 1 CI™ A4 AAT B A5, B RO AR A ERE AN A B it ECS 9 o 7 0.15 ~0.20

Rall | Fenstermacher I Patlak J& | Y #5058 ECS A5G oK > -2 AT 38 o B 5 A S B
FERG 88, R ECS IS5 FIRHE , A2 S I 5T v, W98 N BOKE BSOS A e i TR0 8 4 40 1 3 3
M2 3t ) A 3R A5 A, 3RS o 9 0.15 ~0.20,A4 S 1.52 ~1. 64, JHCPER B F 099 Bk A
TR (HE SR AR AL BEJ5 S — B Tl S e AT A, PR i i A A5 203l T, R itk HakAs
ARSI T R e i B B ST A B IE AT O s B 0 A SR o B AR e T R Lux 45 ST R
HKeAFE] T Nicholson 457 fyRkt , AnPE 2 B %05 15 S A TR AT B 5k 20 DB B8 B A4 PP R 32 i
AT REHTE ECS KAV L, SRS TEAS [ (4407 R 88 - e B ol e A Sl 21 A LI, 45 B WA |
fRAE R A KR S B AT v R T B R TR B AR B Frick 28 2 A5 31 ECS A PS4,
2T L REME T Y 22 PR AR T4 00 B 09 9180, S ik WE IR EHAE ECS B9 SR s &0, B 32 i IX.
TRIEZ R, 2 H AT Y ECS Mk Z —,
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PREF Wb % 2] ECS J5 23 & B 1L, B A 18 /Y
Jr AT HEA TR, W R ECS A it 26 A= 4y 38
Rk, GEHE R A BE B2 100 , 6 I S AT A AR
ECS X5, BREFE ECS Y BEEAST & Fick
SR, R RS T AR

WC_Dge Oy SO ()
a A lo o

G5 A R E N B R C BT R] o AR Ak
TN — IR R B A DTk 5 I B
BB ECS FPRBIUHRE A Q; 25 = IF/R IR Y
AJRETTMR, HOE B o AR BRI V C RYFRF; B
Ja—I0 f( C) FRBEHE ECS AR5k

BRET e £l o B2 R A3l 1Y R AS BE HE
B ECS, AR, ECS WA 5T B 4ok e i FH R 5T
AL, 55—l A S A S (o
FA) R ECS myPERT, it HRAET I i LR 2
T T RSN HR KSR, DLR R G P T
XERAY ECS; X ZHZUT0HE H Ik BE 2 98K, AN 52 1 G
HARBE I ; 5 ECS JoH BAEH BAS S 61 bk,
REVERR I 2 FLWe B, PP BEAR AR ET R R ECS 1)
FFA I I ELSC R ECS PERES SR, 45 BT

Source
pipettet

Cellular

element

2 BEHE ECS i Bt R BRI

DR B ANE B AT ) BCS, B O BREF B IF 4N ML, 7F ECS
TR CFEAETRMLR) . — L BE T AEAE ECS R 2e i &
(L) IR o I8 1A RS D SRARE 3 Bl

Fig. 2
ECS™!

Glass micropipette releases extracellular probes to the ECS.

Schematic illustration of probes diffusion in

Released probes diffuse through the ECS (lines with arrowheads)
around cells and possibly other barriers. Some probes may be
disappeared from the ECS at some sites (red dots). The diffusion

of probes is recorded by appropriate sensors.

WU FHAN [ b 3 ZOR B PR B, SR 22l U LT [A)
R ARIEIRIB RN s o312 Al o5 A AR B AR AR IR R A A 1) 5 TRt AL
Pl 2F ok I R . SXRERERET FTREAN 2335k ECS WP AEIE , AT RERE O A AE ECS 5 AL

4 ECS H#HRFAZE

ECS SR 5 5 0 2 052 T 3 e S sk (H - A ) AR 7 vk (RLAL i AR Fn e 1
2 GEE IR AR AR R s #i ECS TharA% i 0 RT3 S B0 e HB s FeERET Bk Ty =
AL SN BT R ALFIE I S A L ARSCLL ECS AN FE A YW PS80 (o F1A) il 5 Xt
500 ECS 1) FEA T -7 0 2R
4.1 EKRSY(a) NEFTE

H T, B 30 G5 R PR R s, T o BT IR IR AT SR B R A, SR E AR
(Real-time iontophoretic method, RTI) 726 B B T A MITE BRSNS, IR Tk
PEYERLHL L (Ton-selective microelectrode , ISM ) ' =3 SRk WA HRET B 1AM B2 | AT A ECS 0 LE 914
P2, RTI AT [R]RHIE ECS 19 o F1 A2 HHETHESE ECS # A Z —,

BTSRRI E FABRROER T RE ECS b, 502l 815 A B SR 6 7 45 55 1 R
o BT A RIS YOS B S . B BAME R HAE N 3 ~6 pm  NERIHFE 0.1 ~1.0 mol/L
(S T, HEAR A — M Ag/AgCl 224 MLt , SR )5 % 358 B 404 R o 7 1R IR 28 &, o3 ~
6 w2 i Uk RERE o B HEAm A LM, NS0 2 23 A R i, anlEl 3A R, B S AE T
Ag/ AgCl 2 5548 R 3 U 38 , -5 B o 0 %o el Wl g G 8, 25 MBI B B A4 o S 1 2L 0.3%
AR EEIE (7% 150 mmol/L NaCl) N H H$ BIE BT (a=1), HWHHEE BB 3 iR BT B4
(Transport number, n,) . BUHEEEMRE A9 F AT HEBR K 805 % i woh Boekh i ny 4, =0(1) 78 RTL g
iEjfl”'M: :
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Cw = gar[erfc(zﬁ+ (7 jexp( fj+erfc F_ k'tjexp[_r l;fj (2)

K (2) W RIS F A G TR B B0 r B FRTE €, P erfc MATIRZZ RSN,
1
0="p (3)

Hr TR FARG 0 WFAEFIERE, « MEFRREN, FREREE L

TE RTL A, H HMRE R 1 s, U 23487 FH 25 ¥ ( Tetraethylammonium,, TEA*) J& 55—~ F /]
RTI J¥EESE ECS HERIINAE o A1 A B AERER . TEA 220 P FL R 1] 95 A4 s 7308 8 BEL DR 751
DY L5 BH 25 - ( Tetramethylammonium , TMA®) T HA L TEA* 55/ K BHWECR /N RSE, #5712
N F ECS WIBF5FE, BeAb, 7 5 f o7 14 2 F (75 S R £ ( Hexafluoroarsenate, AsF, ™) | a-Z3fiffi iR £h
(a-Naphthalenesulfonate, a-NS™)) MM E T Ca® ) WF 9 T ECS,

F 1 FABNEK ECS Ry

Table 1 Probes commonly used for measurement of brain ECS”’

PRk AR 735 B PR PRI H peniii): 3
PAb Relative molecular mass Diffusion coefficient Volume fraction Tortuosity
rones (Mr) ( Dx10° cm?/s) () (n)
TMA* 74 11.1 1.49 0.18
TEA* 130 7.90 1.48 0.21
AsF6™ 189 14.0 1.68 0.26
a-NS~ 174 7.60 1.54 0.18

ISM J2& i AU B 38 B4 (BP0 45) Pl mi s iy, Rum 2R 3 ~6 wm, S LK EFERT
150 mmol/L NaCl ¥, HEH 3 —4R Ag/AgCl 22 ; BRI (57 sk ) N BB AL R, Horb & 7
FHFEET BA VB3R | BE S 3 FE 100 ~ 150 mmol/L ¥4 TR HAH A Ag/AgCl 22, B 1Ko I 45 46 1l
1) P L A7 2 AT AR S R XS T 118 L A7 R R A i A 2L 20 P L A =2 R TG S L L AR A ARG 00 e A 2 i il
HLVR AT, DI, R RO AR, B i) 4530 58 4 S R TR B A LA T

M A, B AE S ISM ZH B IEE 8 5 4 100 ~200 pm (& 3A) , 411& 3B frR, Bk H
TR B A BB A, R RO G F 3R 9641 I AT BE s L 2 B RE s 0 n SR e ik
RS IAPIRE TS AR, AT W ECS T T8 8T R, 8 0l B ECS 1945 1 524, B 3C
TMA " 7E R BUDFARAAR s Bl 4% ) ST

(TMA*)

B 2PLM C

[TMA®]. c 1L
“orpus callosum
NS o \ T
TMA* 150 pm ? x-axis .

A

iontophoresis

1 mmol/L

A[TMA]

200 nA, 60 s

B3 SNBSS FSALE: (A)INE ECS MREEM™ , (B)RTI B TIHRESh P, (C) TMA*£E ECS
& SRR

Fig. 3 Real time iontophoretic method; (A) Schematic illustration of measurement of ECS!'; (B) Real-time
iontophoretic (RTI) employed in conscious mouse™™ ; (C) Anisotropic diffusion of TMA* in ECS"™"
4.2 FHE(A)WNERFE
YER ST R B S E N PKIEREN7E ECS MY BUEARBOTEAS . BEIE N IriEBR T
R R BRI R RTL, 46 LR JLR 2
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4.2.1 EWEHENZE  SLHE T F A (Real-time pressure method, RTP) [(34.38.9] b5 RT] 4 (HIR
B AEE ST S ABIRALEUY BT A7 9l 5 A L4 e 4 T AT 532 (93 )
Ve, RTP FREREITIJRUAMEN 3 ~ 6 wm BUBEREBAIGE , FLILII T, (8T R0 02, 7 FLIRC
e WAV BRVEE ML o 6 AT 0, PR 45 T P ko, < 22 BEL Ik 336 WA B 20 e ek, 3%
(1)1E RTP HYEIE 134387,

_0Q 1 N Y
CQ = o (4D*t7T)3/ze p( 4D k't) (4)
2 (4) R AT Ry bk E 8 B 4048 A0 r ALY ES TIRIE C.
Q = UG (5)

Hr U SR, C, R ABEWIWREE , SR100, U — BN HER B 5 A 218 ECS R RE, BT LA
PITETCERE] a,

RTP H— % FH A 20 F B R B A K 4 FAE R & , IEA N ( Dopamin, DA) [40, 41] PLER I R
(Ascorbic acid, AA)'™*! 5.5 {4 i (5-Hydroxytryptamine, 5-HT )™ A5 jig B {24470 1 9¢ S &
Lol st pRET LB ( Carbon fiber electrode, CFE) I Kl EA BAL S 1E HEAIRET , HER 7 wm, 7F
ST AR JELA ARG A ) s, SCRT R/t B 2 2L 434507, CFE 454 H Akl i k> -9 ot
XS H A2 TR PR B AG I

Dayton % i WL H] CFE #F58 RTP B Ak 24 16 PR R AT A4 B0t B, HAE R BRUR )2 1 DA 85
EREIN R 715 AR AA ., 52 3L 2K 2 R ( Dihydroxyphenylacetic acid, DOPAC) il o-H 3t £ [ i
(a-Methyldopamine, a-MeDA) , LY R il 2 i () [A) tmx’fﬁ;%; D",

D/, = # (6)
WFFE &I, L AA DOPAC Fl a-MeDA “HEREF 75 ECS B9 N~1. 8, 4Rl Rice 25100 &I, XFF4f 7 B fif
RS (AA, DOPAC) 1B A5 RS Dayton AHARL, {E 2 A XS T4 1E HLff BY4RET (DA, a-MeDA) , 4 #f
FBURAT L ATRET TP BUR BN 174, Cragg %5 DL DA NIREL , 85 & Pl R 0GR L0k K30, #E
JAK P B 5 0 %% 30 ( Substantia nigra compacta, SNe) 2 5T /IR 3 ( Substantia nigra Reticulata, SNr) FliE
%% 35 3R ( Ventral tegmental area, VTA)3 NIX 3, A A 1. 68 ~ 1. 80, tt RTI I 75 A% %% {6 m& 12 1 =5
(A=1.58 ~1.69) , MLfiTid KB, AFNKIX DA ) ERPLENA P ORI DA B Bk, 10 ik
DA A3 BRECR AN SD DA FYHREE L L
4.2.2 ERXFRGZE  EHOCF LT (Integrative optical imaging, T01) 146) B Nicholson I Tao 7E
RTP BRI F A SRR, MATEAZE R TN ERET  BRBEIE A, UL RERAE4H LR BRI B, S ik
B RS A>T 254 0 HE ECS WA A S5 AU SR A BLAE . W IEL 4 Bs ™ 78 101 wh B9
RIrT LTS AR TTETE AN 2 2L (R AR BN ) |, 380 50 . 3B S92 I s 5 i B2 i 284k, B
PREPMRE R A . 5T ROST B BRI T 2GR 10 %) e 42 43 B RO 5K, B iz 248 i 1) 5 )
PR, AN, BAEYITEYER RS> TR RE S S 2 ARG & WNTTE T ECS w7 Z R 8003 715 40 i 1 ik
FAHEAEFH AT SE

FE 101 Hv 5 F AR ET LS A AT AR>S R e % g 32 R K o0+ R MERER R 43
F RGO IURL (R R BRORAE T A o A W T A A A3 1 R LA SR D 1 4 R
), BRIOEHR IO AN, AR B AR Ao, AR S ¥ T 7K, 787K i ) T A B BRAK T L A e b i LA
ZFporfi, i F ok 3 kDa WA HENEIF (dex3) S 101 H N R Z BREF 2 — . A ANBAMIE,
FEVSTEAR ISR, T4 L dex3 R 4REHS B0 Ay N 3 87 8 i A0 ) 25 4 F DL TMA 4R 5 R |
HABE N E AT B Z — | A5 % I T e , BLRE S E 2R & WA HIE RS> TR
B PN BRFLE N BBRE A AV E R T, ORI, B R N 1 R AV RR B R 8 A T T L
A VTR N, X AT RE SR PR A 1A 2 WM A8 T A bl I S0 19 23, 1k T B B0 il B2 AR Y
*/I\/:}iw o TMFVEEEIR K5 F PHPMA ( Poly[ N-(2-hydoxypropyl ) methacrylamide] ) (9] ANsrF =
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], AR B Z ARG N B2 1.46 ~ 1,67, 5 TMA A9 25 AR,

I T2 0 2 H BRI, 10T 30 3 Jay BR T ik e v 3R 1Y 200 m 2647, HACBR T80 53 R AR Joie 45 152
A BB XY S HRE, SO TSRS O T R BEBCIR IR B BT B RO 5T, AR RS
AR I L HE AR, LI AR AT R A R BEE M X ECS B E BT 5% 73 . Zheng 25K i a] 43 B9 '
210 SV U HOR 5 X0l BIMGRHEORES & e U R BRI E] ECS Hhor ¥y 8, i & 8, 18
i I fii DX 4 8] B2 /N7 T R B A RN 70% , T S Ak A1 B b/ 35 i B R BOE A
P HURE 54% . BLAL BB BESUR L AEXT ECS ST HREMEMIRNIA . Godin S5 LA AN 2 1) SLEE
BRANRAE Sy TREE, A I B A R BE 09 3 £0 b K O, BT R B M ECS /Y B R R R S R
Tonnesen 25 D5 EARICH AR TN = 4k 152 18 & S FE 455 ( Stimulated emission depletion, 3D-STED)
MEEA, #Sr THN ECS B8 433 B 52 1% ( Super-resolution shadow imaging, SUSHI) . %7 ¥ RE M — &
FRIE F ML G065 MRS U G I RDGEE PR IR) B BBAS A 45 ) ECS BYZEH RIS 115405 .
4.2.3 ®EIRBGZE 1EN—FAER AMEE AR, B3R 1% 7 ( Magnetic resonance imaging,
MRI) %7 BRI 37K 1) A% B AR AE T S AR R
IR AR, ) B T AR . MRT A3 ™ B
4% ( Diffusion weighted imaging, DWI) Il & {4 P 7K
SR TR B 2% n] 57k, HE T MRI
(4 ECS WFFELIK G FVERERET (B K 531 HidL ]
IAEAE TN, PRITTC I HER 1A ECS PRI, 1M
FFHAMNEMERE ™ (IR N R | #25E PEG 45 ) 15
B A R1.75 ~ 1,83, WS =5 T RTL 455,

Han WFFE 20 ™ % JF A2 1) MRI 7% B335 0] 7 4
IRish WSS BECS, Ik 1 Y lS 8, %07k
HEL-— & = M 7 & R ( Gadolinium-diethylene
triaminepentaacetic acid, Gd-DTPA) N#&  /EHT
FRESIRER 0. 24 nm WK TR A A, it 4h
JL Sz R N ] AN B S R AR BB AE B g
A5 ECS WY HL AR B, M%7 2% & 3R
SRR AR AZ R e fii 2 R 4053, (L 794 X Sl 1 200 i 1] ¥k
JCIAH B ) 38 LA ) 38 73 A Y BT AN AR R
X ECS W] REAE7E A [l i X (1 40 X R G8

BEAN AT FH 32 i A 2 30 K B 45 T 9 9 UL
J&, o R IR B A ECS R I S g e
Song 25 Iy 9 9% A R 28 i S URg i e v
ECS 1254k,

4% Gd-DTPA M%K% 4, Madelin £ 5§ 1y
— PP T A IR AR 09 T3 3, R A A ik A A
RS IR ECS 1Y o, fBATTXT 5 44 fa
JEF HEAT AR P A B AN, Y{ER 11 mmol/L, JK
JEHY a=0.22, FIB a=0. 18, 5 £ 5K 20 21 b5
{E(FRHBE ;. 10 ~ 15 mmol/L,a=~0.2) 4%,

B4 SEROLREMRGE . (A) 7EBUR (A1) AR R
(A2) BRYSEEEE  (B) A7 BEMEIFE B FIR BB )= Hh
A (C) FOLHR E B T A ELE U5 B A

(e

Fig. 4 Integrative optical imaging' ~': (A) Experimental
setup for integrative optical imaging ( IO ) diffusion
measurement in either agarose (Al) or rats in vivo (A2);
(B) Dextran diffusion in either agarose or cortex; ( C)
Fluorescence intensity profiles and theoretical fits for the

images

4.2.4 RBWMEEX BRXECS PYIBRNY HUAT N BA BAF I BAR , (EX T o A 500 4 A% 1 A0

Z B/ FEECS W, 500 R A AR M A R TP A Y 1 B A B AE B A Sh A IR) Tk AR T B, A
M= A I A LB I, Weber BFFEAL™ ) FIl H HEL 2 ( Electroosmosis , EO ) 7£ 1 24 i X il i€ ECS A9 N
B ES N, HAERG B ESIATOE TR N GEE N2 22 V/em BYHLYg, SE 7 B UK R HL B
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R IEFEVE N &R 8, il ad Tk, nl sk 15
ECS 1) A RN AN EE T £-F 3,

Vohs = (1//\2>(’U€0 +Uep) <7>
Ve = Moy B (8)
&l
eo — —k = eoE (9)
, n M.

oo, R0 TR v, KB R 0, R DK
HEE, w MERR E NHEIGRE, n AT,
e N EEEL, SLH A S ECS 1 A =1.83=
0.06, -HH=(-22+2) mV,HFIX CA1 HEMA4H
JZ CA3 HE 1R 41 it J2 A0 25 R [l () ¢-H 3545 51
(25.1+ 1. 6) mV, (=20. 3 +1. 7) mV A#l
(25.4x1.0) mV, WA, FIHI ECS BB IS,
A FE AN ECS H A4 IR R e B 10 57 R I S
AN

5 ECS H4AIBMFEETL

5.1 AEREX ECS HWER

MG LA R ZE R 52 2, B AN 38— 1 4% ) S ok
RO SRl — A, AN TR X Y o AN AFFE K
220, R 2 G5 T IE IR EALINAS 09 BUAE K B Y
B2 DFIRAAR 6 5 SORAR NI ATERERY o FITA
SRR, pl 2 27 4k =5 00 I 20 20 (BRI IA ) IR A
TR Z BB, o T4 Bt MiAEph 28705 I 5 48

BSA Ag/AgCl

ele(:trnrl:, Bulfer

- ®
Buffer—
/ /()HSC

=

—
a

lnsert

Filter paper
meml

/
ne R
Microscope

objective lens

S 12345678

El5 MHERXAHBIE . (A)ZIUEE TE E2O0
B L UEAT R b, — XA AR (ARaE Sk -7 Al
“EU)REGEINZ 22 V/em Y, WA B TIEER L, —
Xt Ag/AgCl LB LB BEIE™ 5 (B) ZOLIER A A
CHSTEIEME L, B SR, ERSIERT,B
I B B 5l 1™

Fig.5 Electroosmosis in rat hippocampal brain slice: (A)

apparatus sits on an inverted fluorescence microscope for
image analysis. A pair of platinum electrodes (labeled “-”
and “+7) are applied with an electric field of about
22 V/cm. The brain is placed on an inert membrane. Ag/
AgCl electrodes measure the potential gradient™. (B)
Fluorescent probes (A and C) are injected into the insert

After

[84]

membrance; Probe B is injected into the slice.

applying the potential, B migrates toward the cathode

BN A RIS T X () o3 T4 R 2 BRI
F 2 AR U IR X P RS S BORIEE i BE ( RTI-TMA® J7 %)

Table 2 Volume fraction and tortuosity of different brain regions in adult rats( RTI-TMA"* method )

- 1155 - ‘
Braiimrlfgions Vol{ﬁ:n?]f?ffion T%l?)s% y 72%?(@(
a
)2 Cortex
#t Temporal Lobe 0.18 ~0.22 1.54 ~1.65 [4,91~97]
W FZ)Z Auditory Cortex 0.21 (1.51,1.66,1.83)* [96]
WEAEIA Corpus Callosum
0.2 1.55" [98]
0.21 (1.47,1.68,1.68)* [95]
55 Hippocampus
CAl 0.21 ~0.22 (1.46,1.61,1.76)" [95]
CA3 0.20~0.22 (1.52,1.60,1.70)* [95]
BRI Dentate Gyrus 0.20 ~0.22 (1.50,1.62,1.71)® [95]
GURIAK Striatum
0.19 ~0.22 1.59 ~1.60 [99, 100]
/NN Cerebellum
/2 Molecular Layer 0.18 1.49Y (7]
8 Spinal Cord
WK Dorsal Horn Grey Matter 0.20 ~0.24 1.54 ~1.62 [101, 102]
1)t White Matter 0.18 1.56 [101]
8 f8 Ventral Horn 0.23 1.46 [101]

TE: a. FRSEFEREME (A, A,,A,) ;b FORBCA MRS 524,

Notes: a. represents that tortuosity is anisotropic (A, A, A,); b. represents that anisotropy is not measured.
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5.2 Z8iE#EHM ECS HEL

ERB SRS I ECS 2 A bi, AR RUAFE R %, o BEAAR & B B HEAL, 0 A JF
T AR AL, AR RS T AR B AR R (P2) BIEB UK (P4) , H o 2924 0.4 {H27E P10 ~ P11, «
W/ 0.27, P23 B o FUAAE K BRIEAIET . SR A FE R B A P EAMFTE 1.5 ~ 1.6 Z 8], il g2
KRR ECS 20t & & A2 T 8932 30, o8 4 i A $2 (1L s (ol i, 78 3 253 2 i, a A
0.21 ~0. 222 0. 17 ~0. 19,1 N FEAMNAE , AN A ERM o 52T e I FT 2RI R
IR AR o K, B2, o BEFEIERN R R, AR,
5.3 AEFHAFEEEE ECS
5.3.1 BEEZN  Kriza) 55" W58 T S 0/NMEA ECS ZEAR BB E T RZAL, & B A BEER VTR
(302 mosmol/kg) KI5 W (238 mosmol/kg) Fll— FR 41| 5 B VW (e =i 8 5 K i 668 mosmol/kg) 1,
a MR M0.22 0. 12 F10.6(668 mosmol/kg) ,A &K A 1.70,1.79 F11.50, Kume-Kick 25" " fif58 T
BEEXH AL S ECS Mys2 45 R 30, K B J2 78 4 BEER % W (305 mosmol/kg) H1 ar= 0. 24,
A=1.69; {E{KE I W (150 mosmol/kg) W, o Wi/NZE 0. 12,X FFE & 1. 86; TEEBIEW (K&
500 mosmol/kg) H', o F2AE_LTF2E 0.42, 11 N 7EB A 350 mosmol/ kg FITEIH M 1.67, ZJGFE AL,
5.3.2 BuERM/BRE ZH 2 I B Bl A BCS r A B Tk B TR Kk AR AR Ak Herh KR E AR
FFFZE 50 ~70 mmol/L, Na* #e B FF# 2 48 ~59 mmol/L, Cl™ ¥ J¥ T [ 70 ~75 mmol/L, Ca> ¥ &
TF%%0.06 ~0.08 mmol/L,pH TFEZE 6.4 ~6.6, kit Na' Ml CI” FEALNMEIG , Ko FHIEA LM, &
BCARLK i TS BCS, 24K BUR AR e fiL/ Bl g 507 BB 219 o 0. 20 H /i T3 0. 05,
AN LS ERAE2.1,
5.3.3 HEREEE MERGAIER—FH WA BTN . 78 sh ) 2 5 sl SO MR A X 78 5
6-#2 2 ELJE (6-Hydroxydopamine, 6-OHDA ) BE P75 511 4 AR | T &) Bl 22 EL R el 2 oo B A 3
6-OHDA 455 I BCIR A AT (D BBV Z 1 BFFE & BN, R4 6-OHDA Z i, 8URIA R «=0. 19,
A=1.59; @RS SCIRIAN o 0. 14,0 2 1.50; 11K 4 B 2 0 e g #f 28 oo B A B B A i A s
«=0.24, A=1.80,

W 3 s, e BRI G e fE P s O | R R A ECS s R A ARk,
%3 AR BURIFIME i AR BRI 3 25 1 (RTI-TMA 1)

Table 3 Volume fraction and tortuosity of different intervening/pathological models in adult rats( RTI-TMA"* method )

T AR Y - KB g % -
Intervening/ Br: .HW]Z. . Volume fraction Tortuosity ai{%‘?{ﬁk
Pathological models ram regions (@) (A) o
FLJI#L Electrical stimulation BT FA Spinal cord dorsal horn 0.13 ~0.19 1.54 [102]
Ab223514% Chemical injury BHEET M Spinal cord dorsal horn 0.13 ~0.16 1.54 [102]
jury p
S IML4H Hypernatremia JZJZ Cortex 0.12 1.65 [91]
il 30 min Ischemia for 30 min 2 JZ Cortex 0.07 1.88 [92]
B4 30 min Hypoxia ror 30 min )2 Cortex 0.14 1.69 [97]
BRI/ 544, Tschemia/ Anoxia HHET FA Spinal cord dorsal horn 0.07 2.20 [107]
P
P HPEMT Spreading Depression JZZ Cortex 0.09 1.99 [93]
P g bep
Bt Stab wound )2 Cortex 0.25~0.26 1.67 ~1.77 [96, 108]
M4 ARERAE (TS 6-OHDA)
Parkinson’s disease SURAE Striatum 0.14 1.50 [100]
(inject 6-OHDA )
W (ERSEREE) J2JZ Cortex 0.13 1.58 [94]

Epilepsy ( Pilocarpine-induced )

6 SEESRE

i ECS 5 AR 20% A4, I p A A7 A MG B i it T A B A 45k . S5 A s AR L,
TAE ECS R Bz RIS W A Y BLR A N ECS T B R B 2. 6 £, A ECS E3h &7
AIG  AE R A= BRATR BILR S R ECS 1 o Il A Y2 K AR AE . SR, T35 ECS AR A 2, B B Xt
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JIT AT 235 5 1 MEAT BB P R

IR ECS 7ERN D RESC B RE v VR T, BIF O 223 R T Z PG AR A Jr i e A, Horp D
TMA* HAREA RTT 248 AR 5E )7 22—, RTP Hl 101 W il e M 2r T4 MisEr, FE T ECS 1Y
F5E . MRIAEN—FP I A A T RE & B M A ECS BIBF5E 51k . BRIRENE ECS Y L, BB
W27 MBI 1 B2 B3R T ECS BRI A% 3

FARANTZ AR E] ECS B ZEM: (0 ECS MBS GG 2 k8. (1) BT ik K2 E M
XFECS B o AT A BIBIFST SR ITTET X H e A Wy BRI R A I 9 AR 25 15 (2) B0 i Ll e 1 3 i
)2 200 wm REEAY ECS, TRHIN X 1 ECS 1EIRATST 5 ik ik i & &, 1iis e F A sl s ECS W58 H
R TCE K ; (3) Bk MRI 4b, K207k HAEHFIE LA B4 R0 R 00 B 200 wm 2245 O HR/INX 3, i
Z XA ECS ARG, (4) BREHTE ECS H ¥ HLAY FEIE 55 46 T R I AN 201 B AS T 3l 83 9 358 4, 1 43
TAE ECS MU ELSE RPN AT 2 | Fr B gk — A nsim ECS W 2r 15 40 e 4P L AR T AR T O F 5T, 2 000y
FAT BRI, UIMTRRT ECS HYBEA#R A,

H AT, AT R i 5 5 A% 328 A 3 AR B b 22 2 A4 1) LA 5 12388 R S Ml ] BR PR Ak 2 A5 S5 AR sk A, B B A7
FELL ECS i EZLEAR A BUL S S AR R 1) o B Ak 2= TR BRI O 1 IR A RS T R ECS IMAFSE,
AL EERS A By T FRAE Y e ECS 1538, T FLIA RE DUHT 9 £ 52 10 348 fii 1) 2= B R R AL AL, S A A
TR IR FH i 5 i A A
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Progress of Electrochemical Analysis and Imaging
of Extracellular Space

JIN Jing'?*, WU Fei '*, YU Ping'*, MAO Lan-Qun*'”
"( Beijing National Laboratory for Molecular Science, Key Laboratory of Analytical Chemistry for Living Biosystems
Institute of Chemistry, Chinese Academy of Sciences, Betjing 100190, China)
*( University of Chinese Academy of Sciences, Beijing 100049 , China)

Abstract  Extracellular space (ECS) is the fluid-filled space surrounding the brain cells, accounting for
about one fifth of brain volume. As an essential living environment for neurons and glial cells, ECS not only
transports substances for cells, but also enables stable electrical signaling. Therefore, it is closely related to
the basic functions of the brain, such as synaptic transmission, memory, sleep and diseases. This review
focuses on the primary biophysical characteristics of ECS and the main progress on investigating volume
fraction and tortuosity with electrochemical analysis and imaging methods. The review also expounds on the
variation of ECS in physiological and pathological processes.
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