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Adenosine inhibits hyperpolarization-activated current in the pyramid neurons of

prefrontal cortex

YAN Jie, CHEN Fang, JIA Xiao-jun, LI Bo, CHEN Xiao-wei, HU Zhi-an (Department of Physiology, College of Medicine,
Third Military Medical University, Chongqing 400038, China)

Abstract. Objective To investigate the effect of adenosine on hyperpolarization-activated current (TH)
in the mouse pyramid neurons of prefrontal cortex (PFC). Methods The pyramid neurons of Kunming mice
were selected from PFC slices by infrared visual patch clamp technique. The effect of adenosine on IH in these
cells was studied using the whole cell configuration. Results IH currents evoked by hyperpolarization were
observed on 41 (95.35% ) of the 43 recorded neurons. Adenosine reduced the amplitude of IH in a concentra-

tion-dependent manner (10 — 100 wmol/L) , and caused a negative shift in the voltage dependence of TH acti-

vation. Conclusion The TH in PFC pyramid neurons can be inhibited by adenosine.

Key words: prefrontal cortex; adenosine; hyperpolarization-activated current

JRHR—FIAEAR A IZ AR B TR, B
REHEA QA FR 1= 1), 76 AR A 22 2R 48 i i 2 S 4
2 T A MR R AR A o R EAT I e 20 TR
T, ol S5 PR A AR A 55 T B , e — o ) P 22
Jito W R IZARS SHLRZ Bl A O BE R 1Y, 78
AR P S 9T v, AL D AR S IR 7, o e s B MRS 5
TR

R B )2 o e B — 5 WL 9 19 2% 48 1) e 28 AR A
DX, SRR B T E AR 2S5 e S D e b A A
HHE B AERTHI BT HER AR A KR

EEWA : HEK A RFA 4 (30670668 )
Supported by the National Natural Science Foundation of China (30670668 )
EERIN:1E W, &, MR, BUEWRge A, 2SR A T
FIRFSE . L% : (023)63125670, E-mail:y. j. 000@ 163. com
BISEE K72, T (023)68752254 , E-mail : zhianhu@ yahoo. com. cn
1575 B #A:2007-10-25 ; &[] B #1:2007-11-14

FEAR AL VOTE PR H R 1) 4% BH B 1~ 3 3 (hyperpolariza-
tion-activated cyclin nucleotide-gated cation channel,
HCN) . HCN 38 5 75 40 i 5% 8 4 A1 IF Rl 805 , 7= A= Y
1] BH 2 ¥~ i U, B0 A A B85 FH 25 7 H U (hyperpolar-
ization-activated cation current, TH) . 1% Hi i %7 4 5 240
A PE A B AL, BB O £ B 55 B AR
FHE AT, 8 A S X — B JRS FioG , H v i 55l
BAAE RN 2T Ay THY R R X DK il 2 240 2898 TH
ARSI v /D DA o DR M A S 56 SR T JIRG e S A 4
AR BRI X A A P B SR AN TH AP

1 HEEF%

L1 s£53hih

B 10 ~ 15 d RYE BN 1S 2 MEMER R, i AL 5256 50
Yot
1.2 XA

ATk W (artifical cerebrospinal fluid, ACSF, mmol/L) .



904 % =

O N

430 %

NaCl 124 KCI 3. CaCl, 2 MgCl, 2 .NaH, PO, 1.23 NaHCO, 26,
D-Glucose 10; Y] F ¥ ( mmol/L) : sucrose 220 KCl 2. 5, CaCl, 1,
MgCl, 6 \NaH, PO, 1.25 NaHCO, 26 .D-Glucose 10, BiFHAETRIE
F(95% 0, +5% CO,) {EAZAF T H] NaOH 1 HCL 3 pH =
7.3 ~7. 4, WA (mmol/L) - 4 % FE IR #1140, MgCl, 2.,
K,ATP 2 .EGTA 1.1 HEPES 10, F§ NaOH #1 HC1 i§ pH £7.2 ~
7.3,0.22 um AL IS - 20 C oA

MR 258 K BC R B 10 mmol/ L BRI , 73 %6 )5 - 20 “C
FEA T, 26 K T ACSF BC i) 2 i

A MR 4P . EGTA | K, ATP HEPES, JIf 7. ZD7288 ¥
Sigma 23 ®] 7 il
1.3 ArERet i i o %) &

N B T S BU , B O ~ 4 CIRA S AU W,
30 ~60 s JFHUHEYE, 11T 502 B b 1) 2H 2L [T g 7E
R AU AFE L 76 0 ~4 CIRASURMB VI R b, iR
LK R A L AR T DT Y 350 wm AR AR R BT
IRASIAR ACSF 2 (20 ~24 C) FEE 90 min DL |4
}EHH,GW .
1.4 WREE EAL%LH

SR FH i o0 T 72, BID TR 22 ) i U TR HE SR 5 7 i 1) JE
eI b s PR TR A b ol R S R ) i
VAR R IR A AR ACSF, i R TWE R 1 ~2 mm,
SR R T M 23 24520 ", 245 0 INC B Rk 5 I A e o il ek
R EARZ) 50 wm (8 AT
L5 BEAAHLR

R BT A S B AT (AR 1.5 mm, K 8 em, 571
IKHEF SR A b A A THL AL (P97, Sutter) | il 1 9 3
2 ~3 um BRI FEWHLI N IROG BESL N 2 ~4 MQ, 525
SR EPC-10 Ji -SSR # , PULSE 32 s i Tgor 43 A7 411
(357 HEKA 28] 77 0h) o RAEHIA 10 kHz, JEPH 3 kHz,

LA (20 ~24 C) FiAT. ] Leica 14T ¥
22 WA, UGG T WA I 7 B BUR R 48 (DAGE-MTI CCD
AABL) ZEHE R A G, BHHERT, B e AT EK B ( x40) T, il
I EHGR AR L E 55 N AT A5, P48 63 i R AR 40 i,
FEFLIBEAE PARICE AL, TEREIMEIC SR E , 7 R c i B R
M, SR G R B R AT 8 TR AL I R, AR 4R 24
HJE P F AL A 8 AL o BRI RS i (82 I o SR, AR AR B 18
TE RS H Rl — 60 mV 54 F R4
1.6 %itsa®

B Ll x =5 F71, R SPSS 10. 0 Ge it F #EAT Fe X A A
¢ KSR PR 3R 5 2290 #T

2 #R

2.1 TH #4945

LN PAHZEART , 7T LAYE 4 19 F 20 40 i i A% 2
B ZEFEAT , BEBEIE 25 SR () KA A b 28 e R AT = A e 5%,
WE 1, 25T I s, KF 7 i st A &0 (n =41/
43) ] LIASI 21 Py ] BRI , 2P [ BB VAL B % 9% HCN 38 94 R
PEBHWT I ZD7288 (50 wmol/L) B BH I (n =5) , 9EBH Jy TH, UL,
2,

Bl NRETEMERBEF#HET (T 34822848 x400)

—60 mV I
—-130 mvV | !
il | S
- '_-.- st
e e
1 reerpentti00 pA

100 ms
B2 # ZD7288 FHUETHIBIRU BIEPRE FRIR

2.2 BT IH 8% va

DL ACSF 1A% B, B tEfd 94. 12% pyig &t (n = 16/
17)TH Ig B2/ (P < 0.01) , wpkJE REAEIK S, DL 3A. 4540
Jig 100 mol/L B HF , FF-HE MM — 60 mV Z — 130 mV {4 R -l
AR, R 1 s, IHIY -V &L % T (n=8) (P <0.01,P
<0.05), WL 3B,

=60 mV —_—
=100 mV

100 pA
100 ms A
mV
-120 —=100 —80 —60
' 0
P
a .-_:'F
b 4 =50
i
b o
b b. if .--"",.-"'HI
ol ~100
__.l'
iR L .
e - - {-150 *
200 B

AR EE TACHE B -V & TAH
a: P<0.05,b; P<0.01, 55 x5t
B3 BREXBRLEEREFRRRN M

) A W 2% R AR s P, X R — 40 il 45 3 10,50,
100 wmol/L I, 35T - 100 mV AW AL i B, FF4h 1
YR BETT, ¥ 5645 ACSF YRRk B i, 555 BoR7E
—100 mV 9 2544 T, TH 19 1 B2 53 51 PR AI% (6. 27 1. 88) %
(13.59 £2.68)% . (17.44 £3.57)% (n =7) ; 24T 10,100 wmol/L



5510 3] Bl A RN SR AE P R e A 200 e A0 AT P 88 1 H U ) S 905

JAE TH B R A Seit 222 5 (P <0.05) ,
3 it

HCN 38 38 2 AL 30 1Y FH 25 i, 7o 4
ST AR B T 2E AR AR R K 25 5, HONT P00
Bt 25 ~300 ms, HCN2 il HCN3 ¥k, HCN4 {87
Hel8 o A TR BOR . SR (7,8 1 IR IE B R R
ik HCN1 F1 HCN2 SRS, H A |1z o AR 525 g il
F| TH AR £ I03K 95. 35% , 10 51% B A% L 3 A 0 2
FEIN B ARE B PN ) HLE , EL A R AR A R
ARSI, 9t s b, A WA S K355 , O HCN 338 ) 4
SRR ZD7288 i BH i, FEAE 5 H A L A= BB 5T
R AR

TEFRRCHIZ R G5, T E 022 Bl 22 336 5 0] 5% 1)
FEAR AL TG PR TR . BN, 5-HT X 5 CAL 4
PRAMMLAG TH HAT 538 A 1, 2 T AR 6k A 00 7T 38 i
TR R R s sh ooy THYY . eah, iR
AR — P B A 00 ) e 22 R B, T ) 5 3R i
AR AR B AE R 28t g THY o T8 i J2 2 15 5 1 A
ST BN X, FEIAA I S e S s S A
BT o FEASEWFSTIUE S, WA - 2 A A AR 4 i L
A EE N HON Ml o A Sege b, 34T 1 1
FEXTRTAR R Z MR 20 TH A5 , 455, IR
(R A 20 %) B 38T 25— R 3 s B0/ N, -V
ik T8, EAg 5 57 , 45 JH A 28 DS A1 ARG A4 1 —
.

XHFIZAE IS B, AT 5 AL Z A
SRR IRIACE TG A . B AL Z IR 2 504
TrHHH 2 R G0, 70 K Bz 2 A B % ik
Al ZARY Gi B8 (B, T I 0 o 40 P i R 2R
LR, b cAMP 72 A TR cAMP 7K 2 34
2 HCN Gl 18 ) F 22K, cAMP F {5 fig % fff HCN
T 145 00 H AR 1] 1 18 HE KRS 3, 42 1F HCN
T B , cAMP AR U 7 25 R B B A% v o PR
it Al ZREEAR AN cAMP ZKSF- DA i i 4
PR AL TH,

TH X 24 TE MM AL KT A5 s e (o e e HLA
R N o FHE LR E RT3 A 1G5 )N i R A
TH, (424 A5 V3 w5 6 PO B %, A HCN i 3
BELESF 7% ZD7288 4 TH, #2800 H & b /b, 24k
WRARE' L ABIFSE e BN RE 5410 ) i 45 I i o e A
AMAAY TH, 3278 B 1T 335 B R J2 o 48 00 A D4 Ay 1
6%, XA S 24 P T g g s sk 55 3k AT A SR R

/

i) Je R 55 R BRI AL 2 — o 2 R AE H
b Tl E S SR A RIVERT, &t — 2B

S E 3k

[1] Latini S, Pedata F. Adenosine in the central nervous system: release
mechanisms and extracellular concentrations[ J |. J Neurochem, 2001,
79(3) . 463 -484.

[2] Dunwiddie T V, Masino S A. The role and regulation of adenosine in
the central nervous system[ J]. Annu Rev Neuronsci, 2001, 24 31 -
55.

[3] Day M, Carr D B, Ulrich S, et al. Dendritic excitability of mouse fron-
tal cortex pyramidal neurons is shaped by the interaction among HCN,
Kir2, and Kleak channels[ J]. J Neuronsci, 2005, 25(38) ; 8776 —
8787.

[4] Robinson R B, Siegelbaum S A. Hyperpolarization-activated cation
currents: from molecules to physiological function [ J]. Annu Rev
Physiol, 2003, 65 453 —480.

[5] Arrigoni E, Chamberlin N L, Saper C B, et al. Adenosine inhibits
basal forebrain cholinergic and noncholinergic neurons in wvitro [ J].
Neuroscience, 2006, 140(2) ; 403 —413.

(6] WAy, XINEs, FIIES), 45 5008 200 B A fl 4 4 B i s AH
EEMNEMFEIRCEARLI]. BZFEERFEMR, 2003, 25(1)
75 -76.

[7] Santoro B, Chen S, Luthi A, et al. Molecular and functional heteroge-
neity of hyperpolarization-activated pacemaker channels in the mouse
CNS[J]. J Neurosci, 2000, 20(14) . 5264 -5275.

[8] Notomi T, Shigemoto R. Immunohistochemical localization of Th chan-
nel subunits, HCN14, in the rat brain[ J]. J Comp Neurol, 2004,
471(3) : 241 -276.

(9] ® ik, B4, ZRLres, 4. Rl iE HON2 i D Fo e 4
HEK293 4ifd iy s A= BERR i [T ] b O R A 50 i AR TR
2006, 20(6) : 519 -522.

[10] Gasparini S, DiFrancesco D. Action of serotonin on the hyperpolariza-

tion-activated cation current (Th) in rat CAl hippocampal neurons
[J]. Eur J Neurosci, 1999, 11(9) : 3093 -3100.

[11] Chevallier S, Nagy F, Cabelguen J M. Cholinergic control of excita-
bility of spinal motoneurones in the salamander[ J]. J Physiol, 2006,
570(3) : 525 - 540.

[12] Yaar R, Jones M R, Chen J F, et al. Animal models for the study of a-
denosine receptor function[ J]. J Cell Physiol, 2005, 202(1); 9 -20.

[13] Saitow F, Konishi S. Excitability increase induced by beta-adrenergic
receptor-mediated activation of hyperpolarization-activated cation
channels in rat cerebellar basket cells[ J]. J Neurophysiol, 2000, 84
(4): 2026 —2034.

[14] Xu C, Datta S, Wu M, et al. Hippocampal theta rhythm is reduced
by suppression of the H-current in septohippocampal GABAergic neu-
rons[ J]. Eur J Neurosci, 2004, 19(8) ; 2299 -2309.

[15] Liu Z, Bunney E B, Appel S B, et al. Serotonin reduces the hyper-
polarization-activated current (Th) in ventral tegmental area dopamine
neurons; involvement of 5-HT2 receptors and protein kinase C[ J]. J

Neurophysiol, 2003, 90(5) ; 3201 —3212.
(%% BEL)



