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FHE. BB W H A1) AR S g R 0 B3R R A A 2 5 A 22 7L (SGNs) Shér & i i b B L i W 5 —
154 BB IE S (CAMP) 3RAEER B3 (cGMP) &3 B4k, 7735 HIMRRIEHR 4 1~3d SD kX & SGNs it
TR ERHRER, FBLR AFA et A X L& B 90k #7 SGNs B, 9161 W, 5769 5 fu A ot & A BEHE
S, B S A 2 £ 5.15 A= 20 min B SGNs 1 CAMP fe cGMP #93R JE %4t 8 OB THESA
BRERIFHAPZT, 22 KA T H SGNs, D% b E4HH £ —60 mV Bf, L M8 838 3% SGNs sy & ik,
F B 0~+60 MV &R X ] 693505 g E . SRA 5 min B, +60 mV i iE Bk kg B M (971.2 £50.3)pA %
5)(2361.0+207.4)pA, £ F A %it FEL(P<0.01), MG EILTFHAH, 11~ 15 min B, 35 5% 60 &8 B L5 %
ML R LA, £ S R FE L (P>0.05), @4 A4 sk A 5.15 #= 20 min J& SGNs F cAMP F= cGMP
W AE T A 5min Al i%‘ﬁﬂ'ﬁéﬂtb&,cAMP REFZ, 2HA % FEL(P<0.01) %A 15 min 215
B ST LA LA, CAMP SR TAL £ Rt &S B 20 min 285 B ST R AL A CAMP HE KR T IS
(P<0.01), cGMP % £ # 80t M 49 2E %, BAK 2 T A 1248 20 min J& A 3 o= 7 (B4, 15 min vs 5 4
20 min, P<0.01), Z5it 7 SGNs &M R ARG T A2 o, shiey b 30 58, 35 9% 08 B M S And 1) TSR FH 6 16, 4t
M JE 42 B BT 20 A i AR SE A, R T LR e S, B R 5 A % =124 cAMP fr cGMP R E

BB EA R,
EEEIF . BRA; SGNs; SRAEB R SRAEIR B 3
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Effect of hypoxia on outward current and change in content of
cCAMP and cGMP in cochlear spiral ganglion neurons*

Yan-ping Wang, He Zhu, Huan Liu, Ke-tao Ma, Jun-giang Si, Li Li
[Department of Physiology, Medical College of Shihezi University (the Key Laboratory
of Xinjiang Endemic and Ethnic Diseases), Shihezi, Xinjiang 832000, China]

Abstract: Objective To observe the effect of hypoxia time on outward current in spiral ganglion neurons
(SGNs) cultured in vitro and changes in the intracellular second messenger systems. Methods SGNs of 1-3d
neonatal Sprague Dawley rats were cultivated in vitro and identified by immunofluorescence. Whole-cell patch
clamp technique was used to record the variation trends and characteristics of outward current in SGNs per—
fused with hypoxic external solution. The changes in concentrations of cAMP and cGMP in SGNs were de-
tected by enzyme-linked immunosorbent assay at 5, 15 and 20 min of hypoxia. Results Good neurons could
be isolated by enzyme which were identified by immunofluorescence to be SGNs. Acute hypoxia mainly en-
hanced outward current at 0-(+60) mV with the holding potential of -60 mV. At 5 min of hypoxia, the ampli—
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tude of outward current was increased from (971.2 +50.3) pA to (2361.0 + 207.4) pA at +60 mV (P<0.01); then
tended to decline. From 11 to 15 min of hypoxia, the increasing amplitude of outward current had no signifi-
cant difference from the base current in the control group (P> 0.05). Compared with the control group, the
concentration of cAMP in SGNs significantly increased in the 5-min hypoxia group (P < 0.01), but was not
statistically different in the 15-min hypoxia group (P> 0.05); however, the concentration of cAMP decreased in
the 20-min hypoxia group (P<0.01). The concentration of cGMP was totally in a downward trend with pro-
longed hypoxia time, but partially went up after 20 min (15-min hypoxia group vs 20-min hypoxia group, P<
0.01). Conclusions In the process of acute hypoxia injury in SGNs, outward current increases and the
enhancing amplitude increases at first and then decreases along with hypoxia time. So we deduced the
conduction of auditory information is influenced by reduced excitability in short-term hypoxia of SGNs, which
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is related to the change in the concentrations of intracellular second messengers cAMP and cGMP.
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W ot FRE SR8 T R G A% &l W&
1 B G o X R A8, S BT T B H IR
B, MR AEANTRIREEE A0 ) T REY, Bl A 30 25 R k4
U A S SR TP R s e B AR LT R R S
IR, L0 S T 5 rh R R B 40 Ay UK, Y i
R 1l P 7 e 2R R R 2 2 A - e 7 A IR0 A
SEUI A M I R A2 Ak ok B sl i 5 | RS b 22 v h
B ABFFERIT, B4 SR i 3 - ) B AT
e APRZ R GER A I K B 250k AR R, 5 Ahir
b R PRt S | AR 0045 T 3 0l A8, DA T 52 vl - g
AL, 32 BCH- SR D RE S 1, RS AR 2T g
i Az i A v W s A 50 o v A S 2T 4
EHEERE, BhemL 2ot (spiral ganglion
neurons, SGNs ) J& v T B Fll SR g4 P T s 123 2%
(5 — AN 20T, A B P LA 5 5% 22 ik
E U vl U2 eI N I el e BN S AL |
ZANGAE 5 i — 2D ) b — R ny W g X AL i 1 /R
o ASEE0 BT L B, S EB A AT 45 SGNs
PN = R TN E R 33 XTI A S A NG ERS S it ey
(large conductance Ca*-activated K*-channel,BKCa)
HI I o A SE6 30 o) 7 A4S SGNs kAR AL, E—
AP S A R T A S AR s B i iR T S A
AL .
1 #RI5FE
1.1 SR

Ve AE 1~ 3 d B4 Sprague Dawley L&,
SIIAR R T TS O , MERREAS T BT8R FA DR
HLO SRR AL, V7 ATIESR 5 : SCXK BT 2003-
0001, Zh¥)ffi IR B B ZE 51 232K o

acute hypoxia; SGN; cyclic adenosine monophosphate; cyclic guanosine monophosphate

1.2 FEXEMBIREE

IR IRAA TE L FE A KE F2 5L (dulbecco's minimum
essential medium,DMEM )/F12 % 5% 35 . 0.25% Jifs il |
1 RO S5l A= s T B 2R (B27 M it
K5 (B27 NeuroMix) Iy F 35 [# Gibco 23 ) , #7
R AR (cyclic adenosine monophosphate, CAMP )
R 2 2 #F (cyclic guanosine monophosphate,
CGMP ) 1) il B G0 72 W2 B 551 0 % (enzyme linked im-
munosorbent assay, ELISA) 7] & & & [E BioVison
o E A, HA T ok B 4 2l . Axon
700B Jit K s H 22 [ Axon A H], P-97 Pkl B
K [E Sutter 22 F], AW HLE 510 5% 1155 L (Axoscope
10.2 3 [ 3 E Axon A H] .
1.3 SGNs WH B 55k

B A= 0 ~3 d #9384 Sprague Dawley FL 5,
T5%I KSR TE 3 ~ 5 min, BREE S WSk ab 8, 1Y 1
TR O R BY T Rz Ik S iRy, BRI SR, o3 g
XU IR AT (4°C )Y D-Hanks ¥ (7% 100 u/ml
A2 +100 u/ml FE2E ). WHAR IS E T 14, H]
PR R R AR T IR IR AR A 1, 72 07 2 R W
16 o TBUHH BRERR %, A 20 R PR SR Y B BRI L o
T IR A 28T Y e ot R e A 2H 2L RS AL ml
A 0.125% T U T AT 0.125% 2 it 11 £ =5 FE i)
Eppendorf 204 /1, 76 37 CIRA IR E 17 min, #
Fra AR BRI A 3, A 300 w1 F
M35 I (90% DMEM/F12,10%H 2 137 , 100 u/ml
HR R, DA )3 min Z kA R 2 TH AR 4
BB IRET 20 U, A ES AL, 1 000 r/min 5.0
8min, F VWL A 1 ml 20 Rl B 3R R
T 50 Y 2 MR AR o H— /)N SGNs TR BRI
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FHARME B A2 1 G A 7 B T R i 28
TCHEL. LABERE R 1 x 108/ml FhETZETSEH] 0.05%%
R AR WYL IC R 6 FLikh . R IRILE T
37°C 5% 4 Akt CO, A ffssFRAa s TR . Sy
PEHCES 37 8 h 19 SGNs, JH At 41 7 M die i o F A 22
M5 B - A &E I P e didk (neuronal class I
B -tubulin, TUJL) K HESFHERRIC Y 4 B4 25 TT
14 2MREEIE &

MRS T (22 ~ 25°C) )R 7K SGNs Frk,
{55 FH 22 580 WA 4 245 R e 4 S TR U T WAL A1 A 3
Ehs i (physiological saline solution,PSS)(20%CO,
1 80%E T N, IR A AR ST /31 A, pH {H =6.5)5 ~
15 min,
1.5 £YfER$#HidR

TE IR A (22 ~ 25°C ) f#i il Axon 700B jik
RAS AT A GRS 8 S2 50 . 10 sk F A Ao AR 2
91w m, EARBHATZ R 3 ~5MQ o B PRS2 -
S5 KCl 140.0 mmol/L, — 7K 4 4k%E MgCl, - 2H,0
2.0 mmol/L, 5 fk45 CaCl, 1.2 mmol/L, Z, AL (2-
A HBE) PUZ R 10.0 mmol/L,4- R ZIENRIE 2,
fig§ /2 10.0 mmol/L, LA & A L8 (KOH) ¥ pH {14 =
73,381 % 300 mOsm/L. A ISNE K53 : & Ak4H NaCl
137.0 mmol/L, Bl & — 40 Na,HPO, 0.2 mmol/L, & fk
# KCI 5.4 mmol/L, Bz — &4 KH,PO, 0.4 mmol/L,
FALEE MgCl, 1.0 mmol/L, 54465 CaCl, 1.2 mmol/L,
4- Y2 2 LR Z 1% 10.0 mmol/L. 38 3 i gh £%
i SR AR () SR b B M 20T 5 46 T TURTE K
G BRIz AME AR 25 , 45 T BRI o 17 R Bl
FE S 38 5 e 200 L P ol 4 200 PR JBE F BEE SR A = o
HLARE 5 min 5T IRIE . BT 5 5K 10 kHz
(3 dB) Mg L . AR5 3Ed PC LI
KA B A 10,20 B 100 p s
1.6 BB SR IR Bt i%

PRI AR AN EE O 15 7 40 B 3 ol i AR B TR FEAN
() A (R, PR AL, B O R0 . G SR
2 W VS v TR A M, P OBk Ak P VA Ak A
SRR, P A E A -20°COKFRR TR, R
3R AN — i AR A E T 2~ 8CIRET
1 500 r/minE&.0> 10 min, YeHE FEW S, R H
CAMP F1 cGMP A4 ELISA 7] & Ui FH A Tl e .
1.7 Sit=FHiE

KH SPSS 17.0 et kA T4 04, Tt o
REIIEL + bRvfE2E (x £ 5) Fom , ZYL HLEH T 2

OIAT L A7 07 2 5F P L RHTCRS ¢ 46256, P <0.05
NERAGIT R L

2 #R

2.1 SGNsEFSRERILEE

KRALEHERD 8 h J5 Ho SGNs IRE 45K nl Wi
BA—HIA M, W BE Y SGNs 2 Jifd Jifd 14 22 52 4 R
BINEEE DS EWOEH , Irotiar, 8] WeH
AR SARPIIIAR WSS A K 152 24h J5, K
TR A 2 , 75 S5 A0 v m T AL e 2 e 5 A4
PR A AR AE . (H 2 HIE AT KA —H, SGNs i
ZHT A B TR A A 5, SRR B AU AT AR 1Y
1~2 Ao PR 0T A I 1) S A e s A i — 2 AR
ERIE , 58 RAM 5 5 0 M AR 43R B, 4F 1T %
AU o SRy AT AR AR, RS R, 2 2 AN H
¥, 2 aiE B, HAa 2l Rk, G AR
TUIL fefle gL a5 , 98 b i ] WA 28 oo e
NI s S 5=l N Ve | R G P
I A s A (LA 1),
2.2 SGNs 5pm i RETR S B B AT {L

Bl L -60 mV/, il i SRS ) A S SRS
1) SGNs &/ u] L It 56 34 56k S5 38 s 55 o L v il A 3
5 min B, &[] B I I 2 458 5, +60 mV HE I
5555 B 4 Atk R U LB PR (971.2 + 50.3 ) pA 1 i %)

B
A 853 8 h JE BB T T L S35 6 ¥ 3T B 41 SGNs;
B: TUIL S oY o , 9t mAdse ™l W& 4% 4 SGNs
1 SGNs#EFS5LEE (x400)
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(2361.0 + 207.4)pA, Z 5 A S22 E X (n=6,t=
4.430, P =0.007).5 min LAJmHom e B 5 R Rk,
S 11 ~ 15 min, SRS A1 ) H AT G 14 5 1 FH L AR 3
4o +60 mV HLTIEE M (1024.6 + 232.2)pA, S5 1EH
X HRZH L 25 S T4t X (n=6,1=1.030, P =
0.350), P 4 I [B] A SEEKC , SGNS A ] H, Yt i 7
K5 min WA A AR . (WA 2),

2.3 EEBK SRR IR Bt %

i I A R R S0, K TFE 20% CO, FT 80% N,
TRASARIE S AN PSS 542 8 i 15 32 19 SGNs.,
48 5,15 F1 20 min B, SGNs A7 cAMP 3 & 4371
J3(278.39 + 0.69) . (220.37 + 1.05) Fl1( 174.40 +
0.26)pg/mI( JLZ%& 1), 4 5 min B, SGNs I cAMPik
JEE A 5 T, 20 min JE B R RE(ULET 3) . B4R 5.15
F120 min B cGMP B ¥k B 43 il 24 (2.49 £0.05) .
(2.30 = 0.09) F1(3.83 + 0.15)pmol/ml ( W, 3% 2); it 4
J&i SGNs P cGMP ¥ Ji S A &2 N B #a #, 20 min B,
ke B4 (UL IR 4) o B4 5 min B, cCAMPYE

{4 5 min
R4 s %15 min
400 pAl' <  ————
- R 1
500 ms 60 mV
-60mV - 3
-80 mV
2)
25T =y 1)
1) = 1)
.20 f T
o I =
%EJ' 157 B3 Ir | =
b L | Rl
B 100 | ! L
i i i L H
05 = i | B4 | |
5 i | B |
1.k f ] =
0 i d i L i

1 2 3 4 5 6 78 9
1. XFHBZH;2:1 min 2H;3:3 min £H;4:5 min Z4;5:7 min 2H;6:9
min £;7:11 min 41;8:13 min £H;9:15 min 41, 1)5XM4H Hb4s, P<
0.05;2) 5% R 20 He 4, P<0.01
B 2 SGNs 4ha i LS A E A9 21K

x1 AEELSEFET SGNs K cAMP iR ER L
(n=6,pg/ml,x+5)

20 51 CAMP ¥ i H{E P
XJRREH 219.92 + 0.59

B4 5 min 278.39 + 0.69 57.533 0.000
B4 15 min 220.37 + 1.05 0.441 0.865
48, 20 min 174.40 + 0.26 44,584 0.000

25T F=1249.126, P=0.000; t. P : 5% B4 L 4%

300 T

250

200

150 } &

cGMP ¥ /(pg/ml)

100

5 L &

i 1 s .
s Wy e P,
0 - ¢ [ ; s s I

XPHAZH B4 5 min B4 15 min H4 20 min

+ 55X R, P<0.01
3 AEELERTEXT SGNs  cAMP iR B I8

R2 AEERERET SGNs ) cGMP iRERIZEHL

(n=6,pmoliml,X =)

205 cGMP ¥ i t{E P1H
X HR 21 5.76 +0.18
B4 5 min 2.49 +0.03 21.698 0.000?
B4 15min 2.29+0.06 23.302Y 0.000?
B4 20min 3.83+0.09  20.615Y,17.816°  0.000",0.000?
5 224347 F=210.937, P=0.000;1) 5% BE4H Ho 5 52) S 64,
15 min Fb#E
6 _=
~ 57
= 1)2)
= 4t -
g e
a o
= 3t i)
il T 7
[al 2t e e
= Z =
e 1l 7

XTHRAL 4 5 min B4 15 min B4E 20 min
1) 5%} R4 HeAs, P<0.01;2) 554 15 min HL#%, P<0.01
4 AEBEREX SGNs KB cGMP iR E B850

JEE PRSI0 (B4 5 min vs X RR4H, 1 =57.533, P =
0.000),15 min B} cAMP ¥ & 5 X} BB 20 K °F L 5%,
ER TG ¥ X (1=0.441, P=0.865),20 min J5 4%
2L R (it 420 min vs XT B4, t =44.584, P=0.000).
5 F1 15 min B, cGMP ¥ B2 T B (15140 5 1 15 min vs
X B4, +=21.698 F1 23.302, P =0.000),20 min i} ¥
BT E S (B4 15 minvs B4 20 min, t=17.816,
P=0.000),
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FEEEAUMIGE L A5, T8 P BSR40 W B ] 2 4
S AR LIWT S B, 5 E B Tl B T
AL AN AT B AR AR, WS B B S0
B0 (1) — R S BB A f 6 PR R T, A5 1 H A
PEDCHIA LA PRI R 4 AR T SRR (I A
SR B S E 9 Bl 200 ER I SGNs FRLIRE 52 M. AF
FEAIR DR AR A B R R SGNs AE KRS R
U, 2 G e R I B 22k SGNs, RE T M Ji5 22 52 56
FOR R E S0 U S AR B RIS N SGNs A Ak )
FLUAL , ELIZA/ M Il FEL 30 174 438 5 A FH I e 4 sF 1) 23 AR T
AR S P AR {5 H cAMP Fil cGMP 7K - 7E 2 ik
At R R AR AR, CAMP [ Wk B Bt 25 i 480 B [ 7Y
FE IS T I IR a3 . cGMP Mk FE [t %
A [R] P RE K B T R A (HAE 20 min 5
AHRA 1T, W] e -5 B B - 1 0 RCE &, NS+
T 7 T — 2D R AE T W T A5

FH T ER AR R (1 A= BREE A RN &, SGNs v T H-
I H B HE AR 5 W A A Y Rosenthal B T8 AP, 037 B
BOR, o EXERE R Rk, B R4S 1~3d
L BRI T35 55 o s ) 2L BB i Ak TR T
FH SRR B ] A ) S JEC R 1- # 25 SGNs . a5
KB >5 d, HHUE TG 5B A6, 7650 25 SGNs B if
A2 7 il 2 e A2 38 B A B B Y, B2 R U
Mg B, BT LAREARRE S Hol SGNs 2 A7 — i X
1. HEFEIY SGNs —f 4 ~ 6 h B A % | 8 h N EEAy
A o R AR S A 7 FH 40 A SR 2 D R AR A T 40
MRS . S aE S5 AR, DO b 6 mT DL A i [
WS EWRIE, ZEEOHRK, AL
HE SGNs, HEF % A 2 e REG 2 5 S 4N i 52 56
MIFEARTTZ

ATISE A A B A B G 4 R R, At Bl
A1) L I A A — A I TRLAE DGR AR AL, B4 5 min B
A1 1) FEL 38 5 S e K, 10 ~ 15 min B 328 97 [ o &5
TR AT o A SE B AR ST 45 51 20 43 i s s )
FL U M40 T fiE 3 2 BKCa HL R, A BFSTIIESE,
BKCa i 2 5 4 i (4 Ak 1 S R, 4800 AN [
Ffg AR A AR FRE A Y BKCa HL S I AN
JRARTR] o 78 K B i EE 20 kY R FROR G B2 2 i
JCHAH i S 3 5 BKCa HL R, TH 7E /)N RUAT A% #

2601 K BR300 2 Ik 1A 41 A B9 K S AN A 1S e i o]
BKCa HLiii . LIU &8 FH P Ifi ) AU R R R
UESZ ARG AL BKCa H it A8 Ak 238 1 it PN AL 56 Bl
(). BKCa i i bR ] LABE L P Ca? A2t fb HL R 3
T LASN 8 AT DI o) i S e AL i . AR s,
Rl ) Bl A T3 i AT /N U Bh ke cAMP A )
BKCa il HLIi M, 34k, IR AT LARS R By 2ot
BKCa HL il 1, 4RI Ca® Pt , Bl Bk 420
R [ 384 010, B 22 1% Ca* 37t 1) 40 M P9, oL PN 5 R P9
B RT3 PN 25 R AR, — S Ay MR A 25 3 T
FeA il STt iuAh G A B2 RS AL
M PR SR A ol S, O TSRS R ) B D,
BKCa i i & A= B Rk , 38 T

S 2% B ], BK Ca i 8 57 41 A P i A A2
1 =WiM2 (adenosine triphosphate, ATP) . =R 131
R0 AR Sk M P AL i 2 — 2 L A i
SGNs 4] HL AR AR B R 4 G D0 e iy 565 — A
CAMP Fil cGMP 1% 1. cAMP 1 ATP & IRt R FR K
fit; (Adenylatecvclase , Ac) ¥4 AL MK , ) AEWEIR Tk
(Phosphodiesterases,PDE) 119 48 fb. T A W 7K fi#t 1
AMP, HE g Wfae FEMKEE Ac 5 PDE Z [H] 9
i o ARSI CAMP YR AR Ak 14 T REDIL I < B AR
2RI, AR AR ORIV, Ac SEIRGEE A B CAMP 3
Hwr biJS ATP #638 , l R MAE R = Ac T
REEA 53— 7 T, PR T R4 B0 A N A S i A
ATP & BRI S, 5200 cAMP Bk . [ cAMP
WP YR [, X BKCa 38 38 1 i R AL R BE R ARG, o PR
TR RIS . AW s, SR SR TE) AT
S ] 1 22 B 308 3 1) T JICARI %, 2 T ol A 28 0T 1) 2%
b A AR AR 3E T O R A B AR S A Al
FEYIMIE . cAMP 5 H AP FR S — (% f# cGMP .Ca*
UM, HAE RS L I I R A B T kAl
T A5 53 T B AR B RS 4E SRrh  cGMP
55 cCAMP Yk BEAR AL AR AR, i 25 f5fe S Ast ) ) 4iE
K, Je B — AN B S 0 T B Bl 7R B4 20 min B
[B] 7}, B4R cGMP 15 BKCa il il 1Y T Ok G , {H &
HH AL cAMP BHR BEAE AR . A BERkR I,
CAMP F1 cGMP FE4H L P (1A% 3 5% B AT P, HA|
AL AR AR 2 3 AR R . 2 R P AR 2R
F O S R R AR, T B U — AT (R T
DAFEDN R4 AT L3 e PR 585 A (o 52 i) 3 3 17 T
JIC, T T M o 2200 B ) 4 A o IR A e A2 8 R T
()t , i — 2Dt SGNs i ts , 1 B AMENT T3k
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