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KERoRE M5 e R BT i+ & R F0
40Hz T e XBA KL ZMatSRMES
MmeIEMEEE-1 PHEXERAR

FE6Aet BT, K LKA AR B B RER R AT

(1. FTBEAKREWBER FE2 /%A, 7T EL 06300052, ThESKRZHA TS, T &L 063009;
3. TMABRAKFWEER MEA, T AL 063000)

W OE. BW BT Z & -1 (heme oxygenase, HO-1) 7E 9 8 ¥ fixi #1 15 ( diffuse brain injury,
DBI) K B H- W 1 235, 43 M1 Wr 38 I T B2 . ( auditory brainstem response , ABR) 40 Hz Wy %% #H 5 Hi, v ( 40 Hz
auditory event related potential ,40Hz AERP ) F1 £ 4fi f& 7% J2 i ( auditory steady -state response , ASSR) 5 HO-1 3
KHY AR R ME ik L DBLR BB B IFBE ML 7» S 4L, RUIE % X IR 4l Ah M1 .2 .3 4 A, B
30 H K. R ABR . 40Hz AERP (ASSR Jll % , 6B . 7 88 20 24k 2 T 49 4 v 5 WL 4% 45 4l 3h iy HO-1 3%
ik )¢ ABR (40Hz AERP (ASSR (W75 4k, #R XA KR H HO-1 BRE, IMLE &AW H HO-1 £k
AU RAR(CP <0.01), S5 J54 4 ABR 40Hz AERP (ASSR B {H Z [H] Lk A W W 2251 ( P <0.05)
51 0 4 4104 H HO-1 %23k 55 ABR 40Hz AERP ASSR {25 b 5L A5 4564 ( P <0.05) . &% K fl DBI
XN H-HO -1 3% 3k K Wy Iy R 349 A AN W] #2 B2 /9 52 i, ABR 40 Hz AERP | ASSR [ {8 7% f 7] fig 15 HO -1 £ 35
EES S

X8 IR IR RN 7 B8 2T 3R A - 15 T IR T S R 5 40 Ha W A OG HL A 2 AR S
B
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Correlation study on the expression of HO-1 in cochlear
with the changes of ABR, 40Hz AERP and ASSR
in diffuse traumatic brain injury model rats

FU Xing-hua, DENG Yan-li, ZHANG Ping, et al.
( Department of Otorhinolaryngology , the Affiliated Hospital of Hebei United University , Tangshan 063000, China )

Abstract:  Objective To study the correlation between the expression of HO-1 in cochlear with the changes
of auditory brainstem response ( ABR), 40Hz AERP and auditory steady-state response examination ( ASSR ) in
diffuse traumatic brain injury model rats. Methods Diffuse traumatic brain injury model of rats were established and
randomly divided into five groups, i. e. mnormal control, one week after trauma, 2, 3, and 4 weeks after trauma
respectively. Then ABR, 40Hz AERP and ASSR, light microscope, electron microscope, immunohistochemistry
technique were used to evaluate the changes of hearing function and morphology. Results The expression of HO-1 in
the control group was normal, whereas there were obviously changes of HO-1 expression in inner ears of the traumatic

groups. The differences of thresholds of ABR, 40Hz AERP and ASSR between the traumatic groups and the normal
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control group were obvious ( P <0.05). The expression of HO-1 in traumatic groups were significantly associated

with the changes of auditory function ( P <0.05). Conclusion

To varying degrees, the diffuse traumatic brain

injury can influence the expression of HO-1 in the inner ear and auditory functions of model rats. The changes of
thresholds of ABR, 40Hz AERP and ASSR may be associated with that of HO-1 expression in inner ear.

Key words : Diffuse traumatic brain injury ; Cochlear ; Heme oxygenase ; Auditory brainstem response ; 40Hz Au-

ditory event related potential ; Auditory steady - state response

R 18 M I 35 475 ( diffuse brain injury , DBI) &
— B G A R R R T ) RE 45 4
Mgt 8 Wr 5 & B, B Ab 2 ik AT TR
P T I £1 & 4 B ( heme oxygenase , HO -
1) 7£ DBI J5 % Wr uz i T /2 i ( auditory brainstem
response , ABR ) 40 Hz Wy %% #H 3¢ H8 {/ (40Hz au-
ditory event related potential ,40Hz AERP ) £1 £ il
F2 & ) W ( auditory steady -state response , ASSR )
(520, H R LR A . 48 LA SD K L DBI
NI REA WL EE 3 BT g K I J7 5 %) DBI B
W Jy 4505 e W J3 B Al O TR A B OG &
HO-1 £ DBI X [ H- 85 P 19 335 5 Wr 2 68 i 4
18 AH 2 A 23 B o
1 ##EE5EFZE
1.1 #K
L1 1 s b XA (@5 MM SPF 4
SD KRl 150 H, A& /£ 250 ~270 g, 55 5)
Py iy ob [ B 2 B2 B S 30 Bl W T 5 B 4R AR [ g
7 :SCXK ( 51)2006-0003 ] . 5 H Bl #l 70
S LIEFE A RA 2.3 4HAH, B
30 Ho 25 KRB 1E SPF % s ¥y .0, B
Co60 % MR 4a] L 43 J8 1l 3% o I £1 R A & B8 R 9t
Wy ¥ 5% % B ( Millipore ) 24 H], 5T 5
AB1284 ;4o —Hi ik i & (AN - EA
A ), DAB W 350 & (iR LA A o
1.1.2 DBI sh## A 694 R H h %Ik
Fi5i ki 45 4% ( free weight -impact brain injury , FWI )
BERIFT 7 48 f SD K U 2 Bl ORR L 15 LT
T T3, B R BRUIBCOR ML [ E THT H R BB
TH S IR b BB E Dy 490 LS B
ERY R (1 m) &b A & T, 97 T R BUTI0ER
HA£20 mm JEZ 3 mm 158 K E, 5 EGE
R B M T 20 PR — I U5, R B PR AT i
1.2 SEm ik

IE R B ZH AN ST f &b 38, X ABR (40 Hz

AERP J¢ ASSR J&5 Wik &b BE 3 ¥ , 4T 75 Wi il , 2% &
HWR 76 25 £5 BB T T 0 1005 B RR 41 4E F
AR — /DL, T R E R, A
5 SRR 2 ml IS g B AT E R 10% 2 K
PR 4] 7 W, HE TR B G AR AR B T 10% 2 5
B S [ 5 W, B T 4°C Uk AR N R AE 45 T
S BRI 4y 0 TAT & 5 1.2.3 .4 J i
[B] 55K Il ABR .40Hz AERP % ASSR, % il 5¢ k&
S, [ bk a3 E AR AR A A
1.3 ABRV J%[#{H .40Hz AERP J% ASSR jll| %
1.3.1 ABRV &k WA ® & FRHFEEICS
medical 2% &) 4= 77 MCV-90XP #I i %5 & i i
{38 ABR, DL 10% /K4 & (4.8 ml/kg)
WG RS, i SD KRR Fp IR EEEIRR & .
B §il BB B, 225 B A (R B 5 B A
P, AR A R B s AR, e i AR A Gl R
20, B <5 Q. R click %5 75 ¥ H
L, R 2] 100 ms |, HVERHEH 21,1 IR/ s,
Zm1024 ), HENEXTV S, KHEE
PSO0Hz , = 3@ U8 #3000 Hz , I 3 A5 5 BE i
80 dB JFUGiC LA 5 dB [a] fF vl & V U0 Ok,
ek VOB .
1.3.2 40Hz AERP @ 4X  [A{Y #% ¥ 47 40Hz
AERP U 3, R ] % 26 & 5 HOf 3, 3 e
[100ms, JE P 5 H 10 ~ 200 Hz , 3 3 % %
39.1 ¥ /s, BN 500 ¥, 4 R 1 000 Hz 45
ai
1.3.3 ASSR #4X  JE 3 [ 20 ~300 Hz, X
B R A B A 2 4y i 0.5 1.2 .4 kHz,
A T A A HAR IR Oy 77 .85 .93 (101 Hz, 47 H-
WK 530 4 81 .89 .97 (105 Hz, 75 5 JiF [A] & Ky
10 dB, & 55 ( %) H 4 B 8] 3 min
1.4 658 sz 440 B4 i 45w AR il 1
i E A L N T e SN T v NI Y D
PBS &9 . 10% EDTA Jii4% 10 ~ 14 d, PBS ¥
e, A AR P AT IR A U) 7, HE Qe Y] R iR
KyBEW B R, EB . R I & HO-1 4
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R 2 R RLR I PR AR5 3 )5 AT SE A T 2 18 40z W SEAH S B 7 S 22 AR A5 SR 5 L ZL B4R -1 ARG HERT S 55 5

e ALY G U] R, Sy 20 4k G AR 45 38 [ Milli-
pore 73w IR & BEHEAT g 0 . A A AR A
D0 el T BE T WEE 2. 5% % T, HE T RS TE
O A B R BE T ) B B IR,
FHREFRAE T 2. 5% 1% W [ E W 4°C vk AR
WO o 1% DU AL R € 2.5 h J5 i
K, ST R s T AR, IR B K TR S B A
BT kS50X B - Pk S P B A W B R, 45
il v B
1.5 K&

N Motic Med 6. 0 %t = 2 [ 4% 73 Hr £
35 3 A 45 4 K BB 09 N B 41 B (inner hair cell
IHC) . %} 41 g ( outer hair cell, OHC ) | M2 Jig #f
2295 20 i ( spiral ganglion cell, SGC ) A7 HO-1 4
FEA AL G () JK JEH (grey value, GV {H) . 41
ZLGV HIYTLHITE 0 ~ 255, f e 411k e 0 5 &
5 GV ERE I I &, B4 20 4 58 41 4k Ut (ol
WGV HB /N lez, G o f5 3 B0, GV (E i
Ko BT WAk Y)  THC, OHC | SGC A i #B
fii, K 4R 60 4~ GV {H % dls , UL P39 %, A wF
FELL GV H R GE i %4k
1.6 Ziit=s4ba

N FHSPSS13. 048 i 2 #F 3E 47 %4 70 Hr

—

: "w“\ .

9
| VR, 3 {
HE

& 5 & 6

T ——

B 1 WA, 8 B 2 oo K il of i (HE % 100)
B3 DBI 1 JHuR4% i oM, HO-1 15 8] & (THC x 100)
B 6 DBI4 Ji§ HO-1 k3 (IHC x100) E7 IiF
B8 IEH HWKHE OHC(HHEE x5 000)

x100) [E5 DBI 3 J& HO-1 F K5 (THC x 100)
B R T OHC (H M x 3 500)

KRR R Z i A m 2700, kA
Pearson A 3¢V 43 #7 , 43 #r K B H- THC | OHC |
SGC M HO-1 Kk 50 i Hi WA &, P <
0.05 hEFHAE5IT¥E L,

2 HR

2.1 6B R s 4l A g%

i 2H 2R 1, A 2N I, Rl 8 T K i I
Bl 1, HE Ye o ] UL 48 Py i, 82 5E 2% 25 44 ek
AR P A K i, LB 2, THC By {8 A L8R
JE #% 25 # Me AE K b, THC , OHC | SGC | Il 45 8L N
HO-1 RHMEE @, WK 3 ~6,
2.2 H#HBEUE

IEF AR UE: Hil OHC 4 BB &
B, ZHANBA LS BE V IEHES, H HES
BEAT,AEB AT E, WK 7,8, KE DBI
Jo B SAE 1R T 0 AR B s b T
OHC #1155 Jt R ot , IR £F T HEZ) = 6L L 804K .
s RS R A, R B OHC 451 7 & b T0 5% I
B HA AT WA B4y oy & RS D VR I
% ;DBIL J5 4 JH 4185 F & I 0 i,
K9 ~16,

&7 & 8

2 DBI J5 B A ) 10 K 885€ 2 45 44 2408 (HE - x 100)

B 4 DBL2 Ji d 4 4 I, HO-1 3% 38 B 2 (IHC
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B9 DB JHH AL BHESIZRAL, B W (SR x5 000)
DBI 2 Ji vh T 4% 2F & HE 51 2K AL AR, RAR (HI LB x 3 000)

(HE s x5000) E11

JRHe 2T BAHES M 58 o0 oy B R S (H A B x 2 000)
B 14 DBI 3 R L BH 0 HEFI AL (HA s x2 000)
B 16 DBI 4 &R BHES ST (i B x2 000)

x5 000 )
AR (FIH B x3 000)

2.3 ABRYV Jf 5 {H .40Hz AERP K ASSR | i
£

IEH X M 20 5 DBI £5 44 Wy e By fig I 4k 45
ROERHEER T Z4H, E&HX B4 5 DBI %
HAR L ERAEFGHRITFE L P <0.05
(% 1),DBLj5 1 {452 MAZELE, 25
TG EX(P >0.05);53 .4 H4 i,
AAEGI#EX(P <0.01), DBI J5 3 J
HVPEMES,2 HHAS 3.4 ALK, ZF
ARG EL(P <0.05), 3454
ZHEH ) F 38, B ASSR 1 kHz B A 483t 2% 5 L oh,

10 DBI 1 JfJE 547 & 56 40 HE 6L
E12 DBI2 4
DBI 3 J& b T %5 2F T HEH) 2 6L (3 48 i 3

15 DBI 4 Ji HhTi 4% 2F & #5185

& 13

HM A TLGEIF¥E L (P >0.05,% 1),
2.4 HO-1 GV {4 #Hr

IEH X R4 5 DBI 45 41 4 H HO-1 GV {H
g R 20, IEE X 4 5 DBI
HHAM LB ASEIT¥E X (P <0.01),
DBI 1 405 2 J&4H SGC 4H ] lb 4k, = 5 A A
Gt E ;53 4 HAAR LK, ZRBfA
it X (P <0.01);DBI2 {45 3 .4 )4
HABMEK, ZR BAFHEIt¥E X (P <
0.01);3 A4 5 4 Ji 4 L% OHC [IHC 2% R H
HEi#E X (P <0.05,%2),

R1 KAV BENM AL R (dBHL, 2 = 5 )

HE ABR VI {E 40Hz AERP ASSR 0.5 kHz ASSR 1 kHz ASSR 2 kHz ASSR 4 kHz
EH R4l 60 1.17 £2.13 2.50 +2.68 51.50 +9.36 31.67 +12.10 22.67 +12.60 22.83 +8.04
1 A4 60 18.50 +7.83 36.17 +8.90 83.00 +14.06 77.17 £15.19 62.50 +16.74 53.50 +15.27
2 JFA 60 18.42 £8.81 33.92 +8.34 81.00 +11.89 73.50 +16.03 61.17 +16.88 51.67 £16.17
3 A 60 16.00 +7.12° 30.08 £7.45% 76.00 £9.78%  65.33+17.32®"  53.00+17.40"  43.50 +10.22%
4 JHH 60 14.58 +6.78"  27.83 £10.39™  74.17 £9.26™  59.33 +18.49"  50.17 =16.10* 39.50 £8.72%

F 3.749 10.782 7.922 13.719 7.805 15.697

P 0.012 0. 000 0.000 0. 000 0. 000 0. 000

Tt AR AL R 2 AL 33 AL
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A6 4 - R RTR IR AR 153 403 S5 P9 W7 58 AT S B, il 40 Hz I S A 6 L (82 B 22 MR8 A SN A5 ML £ R N4 lE-1 ARG IERTT T 45 5 )

R2  OEWX S A L HO-1 GV EHAR (2 £ 5)

HH OHC HO-1 IHC HO-1 SGC HO-1
1EH X R 60 203.80 +8.70 202.48 +8.22 200. 00 +13.57
1 JHH 60 91.80 £7.01 94.50 +12.05 94.23 +11.13
2 A4 60 95.95 +14.54 97.83 +12.70 99.41 +13.02°
3 JHH 60 100. 88 +14. 82 103.45 +17.01® 106.01 +15. 11
4 A48 60 106.43 +16. 52 108.58 £16. 00" 110.47 +13.78"
F 12.718 10.876 17.284
P 0. 000 0.000 0.000

G SRR A Ve O A= R v o i R A v I i

2.5 ABR V J ® i .40Hz AERP A ASSR 5
IHC ., OHC ,SGC HO-1 GV {8 1 48 56 1% 4> #7

% Pearson Ky 3o AH 3¢ ¥ 4 #r, #] UL IHC |
OHC . SGC H HO-1 GV {i# DBI 1.2 45
ABR V ¥ [# (i .40Hz AERP . ASSR 0.5 .1 kHz
HAG MK (rHEH /0,394 ~0.892,P <
0.01) ,7E /™ % 45 %40 Hz AERP _ ASSRO. 5 .

1 kHz, r (G E H# 0.233 ~0.327, P <0.05,
IHC ,OHC .SGC 1 HO-1 GV {7 3 4 H4%5
ABR V J 8 & .40Hz AERP ,ASSR 0.5 .1 kHz .,
RS DX A AH G A1, FE ASSR 2 (4 kHz 5 4 X 4l
BAMEKYE; r HYEHE N 0.284 ~0.905, fH
1F 4 J& 4 40Hz AERP ASSR 4 kHz THC ,SGC G
FHRPE(E 3 ~5) .

#&3 ABR V{4 .40Hz AERP  ASSR 5 IHC HO-1 pyM &t ( r)

IEH G R 1 4 2 A 3 JAdH 4 JH4

ABR V% 5 {H -0.149 0.872° 0.622° 0.445° 0.403*

40Hz AERP -0.174 0.455° 0.394¢ 0. 609" 0.059
ASSR

0.5 kHz -0.173 0.418* 0. 560° 0.325" 0.336°

1 kHz 0.046 0.476° 0.367° 0.526* 0.532°

2 kHz -0.19 0.216 0.223 0.905* 0.874*

4 kHz 0.071 0.18 0.194 0. 699* 0.159

P <0.01,°P <0.05

®4 VB 40Hz AERP ASSR 45 OHC HO-1 fyAH E 43 BT ( 1)

TEH 4 BE 2 IEE 2 J{A 3 R4 4 A

ABR Vi H{H 0.046 0.829° 0.507¢ 0.635° 0.892¢

40Hz AERP -0.036 0. 468° 0.233" 0. 680" 0.527°
ASSR

0.5 kHz -0.003 0.447° 0.438" 0.205 0.326"

1 kHz -0.011 0.472° 0.267" 0.317" 0.834*

2 kHz -0.025 0.213 0.177 0.427° 0.413¢

4 kHz 0.053 0.185 0.116 0.566" 0.284"

WP <0.01,"P <0.05
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%5 ABR V{4 .40Hz AERP  ASSR 5 SGC HO-1 [JAH &M 4047 ( )

1E G R 1 JH4 2 4 3 A4 4 JA4

ABR V3 {8 0.199 0.672° 0.604* 0.434° 0.394°

40Hz AERP 0.221 0. 396" 0.273" 0.611° 0.121
ASSR

0.5 kHz -0.057 0.327° 0.533¢ 0.297" 0.381"

1 kHz 0.184 0.253" 0.432° 0.541° 0.524*

2 kHz 0.255 0.166 0.168 0. 888" 0.792¢

4 kHz -0.003 0.244 0.222 0.694° 0.098

P <0.01,"P <0.05

3 itig

I AF K, Il Z1 2 %A B ( heme oxygenase
HO ) w9 A= BRAE F, 8 ) 2 78 ik 3 05 5 I 21 25
T F G0 T B B AR B R E XUEE AR T & %
S iE, {5 DBL X HE 8% 07 J 2 i 52 0, A HO ff i
PEAT 69 Al BT 52 B 9 40 e LGB . HO-1 J2 4%
fift 1ML 21, 2% B B G R PR R G, T TR AR W AR £
MY iz kB, RIEERENEY S INE.
HO-1 i fb oM 21 8 A= AR A i — 40 fk ok | 2k
M2 2 . MH 2% 2= M a4 ™ 9 JH 20 % #6
S R A A R, R R S Bk R R —
At kEE S AR EN. X DBL 5
WA A AR AU EE T M, A HiRE MG
HHMREMEMLGI N 7% ~50%"" o % WIE
A 453 J55 T T RE 405 AR B 0 T 5 05 WE g 40 0k 1
BT AT R LT g 0 5% A i
A B E X, HArls IR L2 % ai &
W WE  ABR 40 Hz AERP % 4] 3¢ 32 % WL J7 I 4
o 25 4 2 B VR AG T 045 e A B, 4B LR T ) Bk
o e R = (v R 1 T U
R R, B T IR M, A E AR
ABR J& % WLVE A 0T 5247 9 B8 0 — R R R, R
3 NH R R, AT AR SR A A A A A A o
Wik, VB2 ABR PP SR S IH R BB, BV
e 1R AR T T A T L R P R
i T ABR 6 75 (9 5 B AL AE 4% 2 ~ 4 kHz
BT S B8R T S AR R 0T T
RE MR 25 32 B — 5 R R, S BE XA AR 0T B R 4T A
MOEAG 40 Hz F8 2535 S F A7 2 BB 450 1 R A1
51 DX WF g 454 5, AR ME X 5 0 X UT A7 4 2 i
PR FRIT, DI PTE & A R, £

I ASSR Xt DBI J5 Wr Jy 68 ek A8 i 47 17 W 4%,
K ILIE 5 % B4 ASSR 0.5 ~4 kHz B {5 43 5 N
51.50.31.67.22.67.22.83 dB, | B & F
ABR 40 Hz [ {8, [ P 1 4 27 3030, 16 4 07 9
HUAE N ASSR S B [ 76 39. 29 ~ 43. 64 dB,
AT 4R 5 H LA L, ABR ([40Hz AERP [
(40K 1.17.2.50 dB) , & FE M )G &
4 BT 0 A 2 B OE R R B AL B (E S X L R
W, 5Mi 5 40Hz AERP 1 ASSR 0.5 Hz Wi & Wi
T2 2. 46 dB; 5 ASSR 1 kHz
HEWT PRV 2K 7. 66 dB, ASSR 4
(1 2.4 kHz 5 V i B {8 Z 18] F- 2 22 8, 7 &%
17.17 dB, 5%}y 7.34 dB., R IG5 G £ R
[) 78 Wy g A 0 v 3k 45 2R b, 20 R B R X
BT 7 358 407 6 A A 5 — SRk, 8 [ G A& iE
HH , ASSR /) i 3 25 S 5 4l 5 W 39 G 38 7E T
TR B SEWT S IE 8 A — 2 B A e
R W AR 2 N R 3 R T T R vk A A
AN 5 R B R K o B PR 105 )5 WT 7 0 AR
JER AT AT . BRUL, T R R K OULWT 5 1) B
B 5k Z ) B B R R 25 Rl B
WLE% & B DB [k i gl T T3 #5145 800 /1 R
2 N i DR AT B S QN B DR A S 7 1A o
A AR 5 A 2 A PN AR T A AL, S G
HO-1 1) 5 5 4146 K 0 0 41 4 R B 45 SR RE 105 72
43Ut B X B AR b B AEE . A5 R 8k SD R L
Wr 3 4505 de o B WA 1 JE B, HO-1 B Rk 1
PR B O BH S, {F 05 B TR AE K, S 0
FAXE A 9T A2 B HO -1 282 325 D) A By 17 52 B 3%
KRB, S84t Kk BLIE # %k B 4L K A 15 45 4L A
B o AR ) 4 [H) B %, 5 THC | OHC | SGC
HO -1 Rk A M b Res R E WY &, B R
(T 445 344 57)
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