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Abstract

Objective: To make a cochlear injury model with a certain dose of gentamycin injection, and to use
different frequencies and different intensity of bone-guided ultrasound to induce the cerebral
cortex oxygen level dependence (BLOD) effect of magnetic resonance imaging (Region of Interest,
ROI), to investigate the damage mechanism of gentamicin of cochlear hair cells and the identifica-
tion of bone-guided ultrasound cochlear peripheral coding. Methods: The cochlear intoxication
injury model of Guinea pig was made by the dosage of intraperitoneal injection of gentamicin, the
ROI of the BLOD effect in the cerebral cortex was induced by 20 - 25 khz and 70 - 80 khz ultra-
sound, respectively, Inmunofluorescence assay of outer hair cell (OHC) Prestin and inner hair cell
(IHC) Otofelin was performed to verify the intoxication models. Results: Gentamicin intoxication
can cause the injury of prestin and otofelin in the outer hair cells of the whole cochlea. The ROI
extraction rate of BLOD effect in normal control group and guinea pig cochlea intoxication model
induced by 30 - 35 khz Bone conduction ultrasounds (BCU) was 30% and 0%, 80 - 90 khz BCU was
20% and 20% respectively. Conclusion: Gentamicin intoxication in Guinea pigs can cause the in-
jury of cochlear hair cells and the different injury of cochlear hair cells in different parts. The
cochlea of gentamicin poisoned guinea pig can not feel lower frequency ultrasound, but can feel
higher frequency ultrasound, suggesting that the space of the hair cell has the encoding function to
the lower frequency ultrasound and the peripheral perception of high frequency BCU may not re-
quire the participation of cochlear hair cells.
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H 5| A TR E 40 Prestin &z N 41 OtofelinFix B B F#%; 30~35 KhzB S48 5 ¥ R IE %% R
4 % K B B i B A A KX Bz 2 BLOD RS I EMRI ROIS| H 243 51°930%- 0%, 80~90 kHzE S48 5|
HESHR20% 20%. 4it: MKBRKKBRFET S EETRIPBHRMBG, AFBLAEHRBHMR
HHERBFEER:; KAXEETSRRFRAERZBEAFES, BBRZEEHRES, BrBHAME
B2 R ER AL B R AT R AR S R B A G ThRE, BEARE FBEERREBZTRATHIRBARKNS
5, WesEERBIERSZ T BB TSR .

K
e, KRKEX, Hig, B4H, MRI

Copyright © 2018 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 518

RIEIIRAW GRS I A FHR 40 (0 T B B SR NS IHT I B RR R PR 2 2 SR 24 1 1) 45 7 91
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W HH S R T 1) AR B SZ R AR A S BIIE S o DRI 75 B T 88 V8 o TR B R AR, o R A B
FRIFRRE . fEHE A AR BOZ R T : A8 i S5 (S 57 R IR R BT i, e 75 2R
AT HIR, HHEWRABIEKSZ[3]: Lenhardt 251 RiEE SEB A2, X EERSMAME
FEREI R EHE)THAEE S K, RIUHEAIE S IRBI 2R TR, HEEE P AR & S22 T 2R3
[4]. WA S IRl 7545 5 10 BB et 201 B T eh 28 A%, I 7 SRR B2 3 7 7E SR g
FREE T B T3 #2244 [3]

H A BAH S A B B R 5 (5 5 R RS 2 88 B 22—, RUBE & 75 o 7 IR S2 48 B o R B
H g A . PSR A GRS LA AR B, o B YE MR A S P A B R R AR L R R g
MR VR A AS IR, HLBFFS M Z 4000 7 728K BERESE, 4510 NP E U K BH (55 1
RyeHE TN, v U s AT A B AR AL [S] [6] [7] [8] [9]. ANSEEG: PR K% 2 BI04
R SR R A A S AR . R SR A R IR IR R B B AL K 7 )2 BLO R )
ROI, FRIT PR K 85 2 0T I 5 H- 58 6 200 B 1) 453 A AL B DR 8 3% 0 K B T =6 A i ko o 7515 5 A Y SR 32 11
ES I

2. MM ERZE

1) LAY S EBUg R Al KRR 30 K, 3 Hid, MEMEARR, f&kH 250~300 g, H-E8 A4 R &
BEHL 2> N IEH X IR (10 H). &2 H w477 20 (30~35 kHz & il A Al 41 10 X, 80~90 kHz &
SHIEREH 10 H).

2) HRhEE A () % 4% 100 mo/kg PR F RIS, EEGEN 14 K, HRUEILRHE
SR Je 24 h FRE9].

3) B Sl A A BRI T TR AL g B ZEL KNG B 2 BLOD RS RO A -

R R 28 S e O IO BRI, PRI AR 44 40~60 I/ 4%h, A RN 4E5F 90 DL 1. WE3LeR
S H Bruker 7.0T 2 5 AT REILIR UG R G0 . FLIBIE /NS S il imn 3 He 2 AR 28 MR 22 P o 8 A )
LREB 73 7 FH 30~35 kHz ikt 77 3¢ « 80~90 KHz ik ih 77 bk - 3 75 175 A 1E 5 xof MR 2L L L v 3 2 K B 2
ROl. %k Z41: TR2000, TE20, repetitions: 600, F=#Hilf[H: 20 7r4%f, 20 FP45EfIEL, 10 FPANGS 75 Il

4) TEHN I R 5o o B AR T B0 i H R AR 40 Prestin [z A B 41 Otofelin £ [ S % il

FEA ROI KGN 52 B Ja ST B AR BERK B, BT, 4% 58 RS WEYE [ /e, 115 8 h 5 EAses Rl o
BUHR R AR F, AT B B R B 40 Prestin & Otofelin 2 [ 58 22 Y6 . S 9% % Prestin #8013
7 & % % : —Pi(rabbit anti-Prestin 1:200, Santa Cruz, SC-30163), mouse anti-Otoferlin (1:200, Abcam,
AB53233); —Pi(Alexa Fluor 568 conjugated goat anti-rabbit I1gG, 1:1000, Molecular probe. A-11011); Con-
focal & {5 (Zesis LSM800)

3. R

1) H T 5 5 kB R B ARL R K K BLOD AR RO A il

a) 20~25 kHz Jik 75 B 6 7 15 R QE 6 BB 4K B2 J2 BLOD 248 1) fMRIROI 4 3 K, 2 RIEH
JA 5 A 70~80 kHz ik 77 i i 58 75 e D% A B J2 IO R IX RO

b) 20~25 kHz fbkih 77 ik H 5 7 7 75 i ERigg o 228 K B2 22 BLOD A4 ROI,  JEIK BR BB L Th 75 5
K K7 )2 ROI, 70~80 kHz fiky 5 % A 4L A 2 HAE Kt 2 ROL (B 1, ] 2).

2) 70~80 kHz ik J7 i i 38 7 75k B Hh B A A IR SR ORI 2 /= BLOD B IX RO, (16 voxels)

3) Hoby b #3455 Hl B 40 M0 Prestin 25 9 % Otofelin 25 [ 90 9¢ Yo A8
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Figure 1. Apoptosis of 70 - 80 kHz bone guided ultrasound cochlear intoxi-
cation model cortical BLOD ROI (6 voxels)

E 1. 70~80 kHz BkA AR ESEBAE S LA Hinth SEEBR KKK E
BLOD R%3¢#[X ROI (6 voxels)

Figure 2. Apoptosis of 70 - 80 kHz bone guided ultrasound cochlear intoxi-
cation model cortical BLOD ROI (16 voxels)

& 2. 70~80 kHz BKA AR ESEBA ST LA FiRhSEKRKKEE
BLOD RES4#B[X ROI, (16 voxels)

T r 2 A 70 2 P R S A2 BE 95 mm = 10 um 4k 400 um £ 5 um Y AR AN B A D ik & A
(Prestin, £14) K P B4 Otofelin 5 4 5 62 1F 5 Xof HEZH MR I 50537 %€ S5 1 35 0 R A 2 355 07 B 5 ik 55
(% 3); TR r 73 A 70 4 P 66 B J& A2 4 B 950 um = 10 um 4k 400 um + 5 um Y[ B 41D Prestin a8 %¢
JG(ALE) + Otofelin & H %% 56 (4 () BOGIL R, S B4 ik 2 A (Prestin,  ZL(0) & N B4
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1) RKFERIE—ERE N 5K S 0% B4 Prestin A2 8B40 Otofelin & (15, H AR H:
1A B4 Prestin A N E4H il Otofelin & iR S A —E £ 5.

2) IRAFHRPEKRATEZ @A AES, SRS RIS, $Em B Y0 25 [R5 A AR
SR AR B AT GRS ThRE, T E R B T S AR A AT IR BRI 2 5, nTREE
TN e Ao 20T B A S AR R S T
5. Wig

RIERIEWHI G AR N ARSI 2L 120,000 AREUT 13 R R, RIERSE25M) 5] 2 i FE0A 51495 ) T
T RS e NI AR AR R PRI A o S 24 10 P9 A A5 AN AR A0 W B RS2 A, 3R S 45497 SRR A e
M S0, BTG 2, HXRFEBAL Corti's #4105 A 25, B2, LR W H K
BAHLHI AR TE A T o RIS Z Wi T 7™ 2 A0 R R RIE S, BT R AN Y B
ZEVRARMRE], FoREEMREE FBIUNEE., i BT 38 75 51 522 853 1 B 1098 76 B T S 52
B2 OE. TR B S R T TEITE A B T E R R R R AR B R A, WP R SRR

Figure 3. The cochlear intoxication model group from the basement membrane at the beginning of the segment 95
um £ 10 um at 400 um = 5 um range of hair cell motor protein (Prestin) immunofluorescence (red) + Otofelin (green)
laser confocal detection, and inner hair cells, outer hair cell fluorescence were weakened, x200 times

& 3. EigrhSEAY4A B RIE KA R IAEL 95 um £ 10 um &k 400 um + 5 um S E 4RAf Prestin e fE R (L1 )
+ Otofelin EHRE R (G E)ELLRERN, INEHDIAZ R (Prestin, L &)RHAELP Otofelin EHR
HKEEE T RBME R AR N AR R ES, %200 (&
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Figure 4. The cochlear intoxication model group from the basement membrane at the beginning of the segment 950 um + 10
um at 400 um + 5 um range of hair cell motor protein (Prestin) immunofluorescence (red) + Otofelin (green) laser confocal
detection, the fluorescence of Prestin (red) in outer hair cell and Otofelin in inner hair cell was significantly weaker than that
in the normal control group, and the fluorescence of the cochlear intoxication model group decreased lighter than that in the
corresponding parts of the basement week, x200 times

& 4. HighSREIA 0 H RS E R ISER 950 um + 10 um 4L 400 um + 5 um SEEIEZHAR Prestin E5H (L1 )+
Otofelin EE G RRN(FE)FLHRERN, SNEMIMDIAER (Prestin, L 8)KRAELAE Otofelin ERRNABIES
SRR AP AR SS, RERKEAMMIBLIRERETE, 200 &

25 PR 3 7 S A ) SR VT 70 R S AT e A N P R o {ELR T S I R R RS2 R T A AR K
R X 7P T 5 1) A RSS2 3R 0t AR A B 8K

EURG, 887 BT 38 1 R AR HE NI PRI B, fF 3 8 HL 252 0 75 00 5 U R ARG, s
YA K 52 S AR IR S AN B B AR K G R [10] o R 75 Wi i 77 THT FRVRIE 9, 7 SR8 7 B 52 S SR S L il o
FADH IR K G . FERE P AR BAZHLE 7T . Kenji Ohyma 254736 i B St 7415 (98.8 kHz. 143.5 kHz) 5
W51 PR BRE 7S B PP, HEWTRE S A AR IBZ A T S, e EE ) B AR Lenhardt 45 YK
1E Scince Z% B ARIE 1 T4 75 Bh T 2%, I 2 P55 S35 o 40 ek L 25 (BRE I i 1 ) A8 75 1 5 IR U SR AT IA 40%,
RV 75 AR 32 AL T BRFE . Nishimura T Z54RIE N\ IR T8 75 05 5 AT Bl S S B P s HE i, &
AN B A5 B AL T HR[10]. A 222 A E Sl 7S AT A8 LR RO e o 22 4 s I 1T 5 7 T
[11] [12] [13]. H BGHIHE H- s A 5 5 AR 3R B 2 —, B BE 2 75 0 e 75 IR 2 8 o 0 A
LT A A L 7 R I GRS LTI AR AT WA, JFG o R R A B P A B 2 £ P A B 7 R e R
HVE A IS, BT H AT SR Z A 2T A IR, S50 v .
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75 B S 7 1 o E b o B AR K SRR Bz S BLODROI, 45 5 5573 38 43 1E 5 K BRI RS2 IR AR e e v
BB FEAES, HRKEZR PR RA BB BRI 5 1 RZ AR B 55, Fn KRB 23
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